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This thesis deals with tfteTfollowing aspects of 
titanium tungstate* 
1« Its synthesis under different conditions* 
2* j)eter®inatlon of the composition end ion-exchange 
properties of different samples. 
3, Study of the factors which affect ion-exchange 
capacity and chemical stability* 
4* Analytical applications of various samples* 
Six samples of titanium tungstate were synthesleed* 
Out of these four were studied in detail* The conditions 
of synthesis and the more important properties of these 
* 
samples are given in Table 1* 
The Titw ratios were determined by conductimetrlo 
and hl£i frequency titrations* The chemical analysis 
oonflraed that the ratios obtained by the eleotrometrio 
methods ( m 1) corresponded to the most stable sample* 
Ion-exchange capacity and chemical stability are the 
two most important properties of an ion-exchanc® materials* 
It was found that as the ratio of anion is Increased the 
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ion-exchange oapaclty also increases* file chemical stability 
of sample XII was greatly affected when this sample was 
heated at 80°C* This treatment resulted in the preparation 
of the ion-exchange material with a very hi^h stability and 
a high ion-exchange capacity* 
The w/Ti ratio also affects the Kd values of metal 
Ions and therefore affects the selectivity of the exchanger* 
This is clear from the results given in Table 2* 
T A B I E - 2 
DISTRIBUTION COEFFICIENTS FOE SOME METAL IOHS 00 
VARIOUS SAMPLES Of TITAillUH TUHGSTATE 
Metal Kd value (ml* © a * ) 
ion Sample I I I XII IV 
Li* 6.3 22*9 8*57 10*4 
+ Na 21 * 2 81*8 21*2 48*1 
K* 160*0 C* A* 225*0 333*3 
88*0 1320*0 66*5 25*0 
Ca2* 1300*0 88*0 133*0 38*8 
sr2* 61*0 108*0 600*0 355.5 
„ 2+ Ba 155*0 92*0 1000.0 4800*0 
C«A* * Complete adsorption 
3 
the utility of the synthesised ion-exchange materials 
is greatly enhanced if they can be used for difficult 
analytical separations. Some of the more difficult separa-
tions have been achieved quantitatively using simple aqueous 
eluents. The results are summarised in Table 
1 A B L £ • 3 
SBPAHATIOr! OF MET A! IOHS 0!i TITAKIUM TUUOSTATE C0Z.M3 
Metal Separated Sample Eluents Elution order 
ion from 
c . 2 + "c2 + I HR03#HH4H03 M62+t Ca2* 
ST2* I »i tt Sr2* f Ca2* 
Pb2+ Humeroue I I tt tt Pb2* last metal ions 
0«5+ Fe3* I I I tfater, WO, Fe3% Ga3* 
C.5+ Al3* I I I tt tt Al3*, 0a3* 
0«3+ In54 I I I tt tt In3* t Ca3* 
Hf4+ zr4* IV Formic acid Hf4* 
U?+ Ce3* IV HH4HO3»HHO3 Ce34, La3* 
to* Fr3* IV tt tt Pr3* f La3* 
to3+ Hd3* IV tt tt Hd3*, La3* 
to5* Sa3* IV tt tt sm3*, La3* 
4 
On the basis of thermal studies (T.G.A., a, 9 
and determination of ion-Gxchoneo capacity sit hi she r 
temperature)» l»r« studies, chemical analysis and the 
aqueous cheDistry of titanium and tungsten the tentative 
structures of samples X and II have been postulated as 
bolowt 
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A B S T R A C T 
A new inorganic ion exchanger "Titanium tunestate® 
shoving an unusual selectivity has been prepared toy mixing 
0.04M-titonio chloride with 0.02M-sodium tun estate in the 
volume ratio 1t1 at pH 2-3 • This ion-exchange material 
has Tittf ratio 2t1« If however 0,02M-tltanlum sulphate is 
mixed with 0«04M-sodium tun estate in the volume ratio 1*1 
at pH 2-3 the gel formed has the Tlj u ratio of 1|1* Ion-
exchange properties of both the samples have been studied 
and the utility has been demonstrated for tho separation 
of Ca»Sr, Ca-Mg and for the separation of Pb from numerous 
metal ions, neither sample dried at 40° shows any crystal-
line phase when examined by X-ray analysis, 
A highly stable,amorphous and bright lemon-yellow 
titanium tunestate has been synthesized by mixture of 
0.3M-sodium tungstate with 0,3M-titanic chloride in the 
volume ratio 1$1 at pH 1,0, The effect of drying temperature 
on the Ion-exchange capacity» the chemical stability, and 
the Kd values of some metal Ions have also been studied. 
The titanium:tungsten ratio in the sample (dried at 80°) 
(ix) 
was found to bo 1t1.1* Its analytical Importance has been 
shown by the quantitative separation of G& from Fe' « 
m3 4 end Al3*. 
A poorly crystalline titanium tunestate sample with 
Tit If ratio 1*1*3 has been synthcslsed by mixing 0*511-
solutions of titanic chloride and sodium tungatate in the 
volume ratio (1t1)* After precipitation at pU eero the 
precipitate obtained was refluxed with its mother liquor 
for ten hours. This lon-exchange material has been success-
ful ly utilized for the separation of hafnium from sslrconium 
and for the separation of lanthanum from cerium, praseodymium, 
neodymium, and samarium* A comparison of the lon-exchance 
properties of the various titanium tun estates shows that 
as ratio increases the chemical stability and ion-
exchance capacity (at 40° and 100°C) also increase t i l l 
the capacity becomes maximum for tt/ll » 1.1. 
(x) 
C H A P T E R - ! 
T R O D U C T l o i J 
The analytical Importance of synthetic inorganio 
ion exchangers i s now firmly established* The review on 
"Ion Exchange" In Analytical Chemistry for the year 1970 
included the significant statement "The obvious advances 
in the last two years are in the area of inorganic ion 
exchangers". Even today this statement is almost equally 
true* However t even analytical applications depend to a 
large extent on the understanding of the physical characteris-
tics of these materials* It i s reassuring to note that the 
recast studies on inorganic ion exchangers have been concen-
trated mainly in this direction. The more important aspects 
which have been studied aret 
1* The crystallisation and characterisation of ion-exchange 
materials* 
2* The mechanism of ion exchange. 
3* The thermodynamics of lem exchange* 
4* The kinetics of ion exchtjnge. 
5* Ion exchange in fused salts* 
6* Ion exchange between solids. 
i 
7* The surface properties of gels, 
8, Analytical applications, 
9* Miscellaneous* 
The crystallisation of inorganic ion exchangers is 
diff icult and tedious hut it offers many advantages* It 
was found for instance that on crystallisation thorium 
arsenate becomes specific for lithium ions1 while sirconlum 
phoephate2 and tin(IV) phosphate3 become more stable to 
hydrolysis* Therefore ziroonium phosphate4* sirconium 
arsenate^ titanium phosphate6! titanium arsenate7, cerium 
8 Q 10 
phosphate , cerium arsenate f thorium arsenate t tin (IV) 
phosphate3 and antimonlc acid11#12 were successfully crystal-
lised, It was found in almost a l l cases that crystallisation 
adds to the stability of the ion exchanger. Since crystal-
lisation ensures the purity of the product it also facilitates 
many theoroticol studies. 
The crystal structure of eirooniun phosphate was 
studied by Clearfield and coworkers who showed that siroonium 
phosphate has a layered structure* Each layer consists of 
sheets of sirconlum atoms. The phosphate groups are above 
and below the sheets of metal atoms* They also explained 
the ion-sxetanc M c l w > t « oh this basis* - 1 3 ' 1 4 . 
In two Interesting papors Clearfield1 5 '1 6 discusses 
2 
fcho mechanism of U * * and fla* - H* exchange on sirconlum 
phosphate* He explains the formation of a hysteresis loop 
in both oases by the existence of two phase systems contain-
ing the unexchanged and the semiexchanged exchanger* The 
phases present during the forward and the backward reactions 
are different and give rise to a hysteresis loop* It is 
probable that similar studies on crystalline products may 
give equally valuable results* 
nancollos and coworkers have studied the thermodyna-
mics of cation exchange on sirconium phosphate^* They have 
determined the values of A S> A.H and A F for the exchange 
reactions 
8H • ^ ffl * r1 
and they have interpreted the thermodynamic functions in 
terms of the nature of the bonding between alkali metal ions 
and the matrix of the ion exchanger* It i s hoped that such 
studies wil l bo continued so that a better understanding is 
obtained of the ion-exchange process* Similar studies have 
also been reported on anion exchange * 
Nan col las also studied the kinetics of Ha4* - H+ 
exchange on crystalline sirconlum phosphate* The rate of 
exohonce is initially fast and then becomes slow, suggesting 
a change in crystal structure * 
3 
unfortunately very few studies have been reported on 
20 
Ion exchange in molten salts* One paper by Albert1 treats 
ion exchange on amorphous slrconlum phosphate 1a molten 
nitrates* He found that lithium ions are greatly preferred 
over potassium ions by the exchanger* 
A resent paper which points to many interesting 
21 
possibilities Is from Clearfield * He found that ion 
exchange between two solids is possible* Thus if elrconium 
phosphate in hydrogen form i s heated with a salt e*g*» CoCl2 
then tho following equilibrium existss 
CoClg • 2RR RgCo • 2 HCl 
As the volatile acid is removed the reaction proceeds to the 
ri$ii end ion exchange proceeds* Such exchanges should be 
possible wherever one of the products of ion exchange is 
volatile at the reaotion temperature and can be removed* 
Many interesting points emerge from the studies of 
Murray and coworkers**2 on the surface properties of sirconium 
phosphate gels* They found that the charge on these gels 
depends on the exchanger composition and the pH of the 
solution* Uptakes of electrolytes such as K* and Li4 are 
lowest at the aero point of charge and at pH values where 
the solid is positively charged* These Ions are not adsorbed 
until., the gel has a negative surface charge* These 
4 
phenomena suggest that surface charge is principally respon-
sible for the sorptive and exchange properties of these gels. 
However § when the exchange leads to the formation of an 
insoluble phosphate e.g.* Ag+ - H* than the charge on the 
surface is not so important. In this case silver ions are 
chemiaorbed even when the solid is positively charged. 
The counter ion-matrix interactions are more important 
in inorganic ion exchangers than in the organic resins. They 
sometime lead to irreversible adsorption (when the ion is 
incorporated in the matrix) and often lead to selective or 
2'3 
specific separations. Stannic molybdate and stannic 
tungstate2* are specific for lead$ sirconlum vanadate^ 
adsorbs K, !Iaf Bo, 3r, Mg, Cd» Fe, Co, Hi* Pbt Zn, Cu and 
Ag but does not adsorb Al, Bit Mn« Ti, and Hg| and chromium 
.tripolyphosphate glass is suitable for column operations 2A 
and can be used for the separations of alkali metals • 
numerous difficult separations have been achieved on synthetic 
inorganic ion exchangers, some of the more important are 
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Refersnee must also be made to a very thorou^ti study 
on the hydrolysis of sircontu® phosphate by /jhrlcnd and 
coworkers^** They found that at low pH the phosphate release 
i s not primarily due to my hydrolysis but rather to the 
washing out of tho phosphoric acid which adheres very stub-
bornly to the gel* They also found that high affinity of 
the exchanger for Fe5* is probably due to the Incorporation 
of iron into the exchanger matrix* The lattor explanation 
may hold good in many other oases also* 
Two important points emerge from the lengthy studies 
v of Seirtes^* He found that the capacity increases with 
increase in the precipitation temperature and also with an 
increase in tho ratio of the precipitating anions* Bolohlnova 
has published a number of papers on inorganic ion exchangers* 
46 
One of his exchangers, l*o* sirconium phthalophosphate may 
be of some practical value since it retains ion-exchange 
properties upto 700°C* 
Despite these outstanding theoretical achievements 
we have not reached the stage where properties of the ion 
exchanger can be predicted from chemical considerations only* 
Therefore different ion exchangers have to be studied and 
their ion-exchange behaviour has to be elucidated before 
their practical utility can be established* If an ion 
exchanger has to be of value in practical work i t should 
28 
haw some of the following qualities* 
1* Chemical stability t 2* Thermal stability 9 3* High ion-
exchange capacity, 4* High selectivity. 
A comprehensive study of Inorganic ion exchanger with 
different anions and cations can also lead to some important 
and interesting generalisations. It can simplify the selec-
tion of the proper ion exchanger in a particular situation* 
¥e have therefore systematically studied the sjmtheeis 
and properties of a new inorganic ion exchanger* l*e« * 
titanium tungstate* This ion exchanger shows some unusual 
features which are discussed in the following pages* 
10 
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C H A P T E R - I I 
PREPARATION! AHD PROPERTIES OP TITANIUM(IV) TUHGSTATES* 
There has been increased interest; in synthetic 
inorganic ion exchangers since Amphlott*s review * These 
have proved very efficient for the preparation of selective 
o 
ion-exchange papers • However, very l i t t l e work has been 
reported on ion exchangers based on titanium, and almost^ 
none on the preparation or ion-exchange proportios of 
salts containing both titanium and tungsten. It was there-
fore decided to study the composition and Ion-exchange 
properties of precipitates obtained by mixing solutions 
of titanium (IV) salts with sodium tunestate solution* 
These precipitates are called "titanium (IV) tungstate"* 
In addition the analytical importance of this ion-exohange 
material have been illustrated by some difficult cation 
separations cm its columns. 
•This work was presented before the autumn meeting of 
the Chemical Society at Keele (England) In 1968, 
£ X P B H X M E N Z A L 
Heaven tat Sodium .tuncstate, sulphuric acid arid 
($/V) solution ol titanium chloride (containing 15$ 
UC1) were Analafc. ritaniua dioxide was from a.fl.fl. ana 
other chemicals were of reagent grade* litaniuoi sulphate 
was prepared freshly from titariiuu, dioxide as usual { 
dilute solutions of titanic chloride were obtained freshly 
from 15$ solution. 
Apparatuss High frequency titrations were performed 
with a Sargent Oscillometer model V in a 100 ml. cel l . 
Conductimetric titrations were done with a Philips conaucto-
metor model PH 9500. pli was measured with a Beckmann 
model G instrument, and a Bausch and Lo^b upectronic 20 
colorimeter was used for spoctrophotometric work. Thermo-
fravimotric analysis was performed on a J tan ton fcherao-
balunce type H4 and X-ray studies were mode with a Philips 
unit. 
Preparation of Titanium (IV) tunrstates: The 
titanium tungstatc &els were prepared as follows; 
o 
Sample It Acidic 0.04M*titanic chloride solution 
end O.OPM-sodiuin tungstate solution were mixed in volume 
ratio (1«1) and the pH was adjusted with atsmonia to 2-3. 
Sample lit 0.02M-Titanic sulphate and 0.04M-sodium 
tungntate were mixed in tho volume ratio (1*1) and the 
pH was adjusted to 2-3 as above. 
Tifri^  aattp2e ^g^ prepared as earn pie I viCit 
titanic sulphate in place of titanic chloride. 
Sample IVt The method w^8 as for sample XI, with 
titanic chloride instead of titanium sulphate. 
A few sample© were a l a 0 prepared l>y the method of 
sample II at pH values 1.0, 2.0, 2.9, 5.2, 6.0,' 9.0, and 
10.0 (figuro 3). 
The titanium tungstate obtained was digested at 
room temperature for 24 hou*s and washed with distilled 
water. The precipitates we*0 filtered under suction 
o 
and dried at 40 C* The gelis when immersed in water broke 
down to small granuloa alon^ the lines of strain. Finally 
the particles were dried at 4o°C and were sized by sieving. 
The exchanger was then converted into hydrogen form as 
usual with 
tt B 3 U h X & 
Physical properties: Samples X end H i were white 
and semi-transparent, while samples IX and IV were shiny 
light yellow (glassy). The colour o£ the samples prepared 
at diverse pH values was yellow upto pff 5 (tho intensity 
of colour decreased with pH) end white above pH 5. The 
particles were hard and suitable for column operation. 
Composition: 100 mg« of the exchanger's in hydrogen 
forct were washed with water to remove adsorbed titanium 
or tungstate. They were dissolved in 25 ml. of concen-
trated hydrochloric acid. This solution was diluted with 
water* A known Quantity of sodium molybdate was added to 
i c 
precipitate tungsten completely with <K-bcns>oinoxirae . 
g 
Tungsten was then determined . Titanium was estimated 
7 
in tho fi ltrate . Organic matter in tho f i ltrate was 
removed by en oxidising mixture of perchloric acia, nitric 
acid and sulphuric acia (4i1&5). The molar ratios, of 
TitU were found to be 2s 1 for samples X end i l l , and 1s 1 
for samples I I and IV. 
High frequency end conductinetric titrations were 
25,900 r 
25,500 
25,100 
2 A 700 
24,300 
23900 
23,500 
23,100 
1 2 3 4 5 6 7 8 9 
Volume of O.IM-T1C14 (ml.) 
1ml. of 0.1M-Sodium Tungstate taken 
10 
FIG. 1 HIGH FREQUENCY TITRATION OF 1ml. 
0.1M-SQDIUM TUNGSTATE WITH 0.1 M-TlTANlC CHLORIDE 
'S (2 X o 
Volume of 0.1M TiCl^ (ml.) 
2ml.of 0.1 M Sodium tungstate taken 
FIG.2 CONDUCTOMETRIC TITRATION OF 2ml. 
0.1M SODIUM TUNGSTATE WITH 0.1M TITANIC CHLORIDE 
19 
performed in support of the result© of classical methods 
of analysis, hich frequency titrations were performed 
by taking t.O ml.of 0,1M-sodium tun estate solution in the 
cell and titrating a&ainst 0.1M-titanic chloride (fig, 1), 
Conductimetrie titrations were done following the same 
procedure as in high frequency titrations. The results 
are summarized in figure 2. 
lon-exchaaKe capacitys The cation-exchange capacity 
g 
of each sample was determined by iiamuelson*s method using 
a glass column (i*d, 0.6 cm). The J;low rate was 0.5-0.6 ml 
per minute. The results are recorded in fable 1 ana figure 
3. 
T A B L R - 1 
IQH-FXCHAHCE CAPACITY OF TlTAtflim (IV) TUNG STATES 
Exchanging ion Ion-exchange capacity (m.oqui./OT.dry exchanger) 
Sample I or I I I Sample II or IV 
0.46 
0,77 
0,55 
0,5? 
0,42 
0,42 
0.89 
0.78 
0.62 
0,76 
0,63 
1.02 
2 0 
1.0 
0 9 • 
- 0-8 • 
E o> 
> 0-7 • 
cr w 
E 0.6 • 
Z 0.5 • o a 
S 0.4 • 
a c* 
% 0.3 • 
sz u 
iS 0.2 • 
0.1 -
0.0 1 1 1 ' 1 • « 1 1 1 
0 2 6 8 10 
Equilibrating p H o f the precipitates 
FIG. 3 ION EXCHANGE CAPACITY A S A FUNCTION OF 
PRECIPITATION pH OF TITANIUM TUNGSTATE 
Effect of eluent coo cent rat Ion on ion-oxchon«e capacity* 
To find out the maxloum concentration of the eluent 
to clute the hydrogen loris completely, ion-exchange capacity 
was determined by taking 400 ml, of solutions of sodium 
nitrate of different concentrations (figure 4), 
glut ion curve? The elution curve was drawn, by the 
9 method of Inoue using 2M-KC1 solution (figure 5). 
Heat treatmentt samples I and I I were healea at 100°» 
200°, 300°, 400°, 500°, 600°, TOO0 and aoo°C for one hour 
in a muffle furnace.- Sample I remained white upto 200°G. 
On further heating it became yellow and brightened iurther 
at higher temperatures. Sample XI was light yellow at 
110°» dirty brown at 206°, yellow at 300°-700° and bright 
yellow at 800°. The ion-exchange capacity of the samples 
were also determined after each heat treatment as usual 
(figure 6). 
The thermogravimetric studies of samples 1 and 
II were performed at a heating rate of 4-6° per minute. 
200 mgs. of the camples were taken initially for the 
experiment. The percent weight loss from the samples as 
a function of tho temperature of the furnace is plotted 
in figure 7. 
Concentration of NaN03 
FIG. A EXCHANGE CAPACITY 
A S A FUNCTION OF CONCENTRATION 
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FIG. 5 ELUTION CURVE OF HYDROGEN ION 
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FIG. 7 THERMOGRAMS FOR TITANIUM (IV ) TUNGSTATE 
(a)Sample I in H + f o r m 
(b)Sample I in K + form 
(c)Sample I I i n H + f o r m 
(d)Sample I l in K + form 
2fi 
pH Titrations! Tile pH titrations (figure 8) of both 
samples X and II were performed by the method of Topp and 
Pepper10, 
Chemical stability*. sample I showeu no change in 
colour and shape when it was placed in 28 solutions of 
HgSO ,^ HtfQ ,^ HCl and 40$ acetic acid for a day. The 
colour changed to yellow after three days. In ammonia, 
400 dimethyl amino, and 995' pyridine it seemed to be 
unstable as a white turbidity appeared within a few hours. 
Organic solvents like alcohol* acetone, formic acid, 505 
tartaric acid, and ether produced no change in the cold, 
but on refluxin& for half an hour, the beads became yellow, 
for the detailed studios on the stability of -the 
ion-exchanger in different solvents, 500 mg. were ta^en 
11 in 50 ml, of solvent and were rsfluxed as usual , The 
12 15 dissolved titanium and tungsten were determined 
spectrophotometrically irt the solution. The results are 
given in Table 2 , 
COH 3 Added.(m-equiv./0.5g.cxchangcr) 
FIG. 8 pH TITRATION CURVES OF 
TITANIUM TUNGSTATE POLYMERS 
28 
T A B L E - 2 
S0LU3IIJTY OF TITA«IUI4 TOHOSTATES 
Solubility (m*/SO ml*) 
solvent sample I 
Tit a- Tunes- Chang© 
nium ten in the 
dieso- dissol- colour of 
Ived ved the 
exchanger 
Sample 11 
Tit a- Tung- Change in 
niu© sten the colour 
dlssol- dissol- of the 
ved, ved, exchanger. 
•voter 0.00 0.55 Wo change 0,00 0.80 flo change 
2N-MiO, 2.00 0.45 Yellow 0.00 0.40 Yellow 
6tl-HH03 2.45 t.ao Bright 
yellow 
0.00 1.00 tfrif ht 
yellow 
2fi—HgSO^  1.55 0.45 Yellow 0.00 0.40 * » » » 
2.50 1.55 Bright 
yellow 
1.50 1.00 Greenish 
yellow 
2N-HC1 2.85 0.55 Yellow 0,75 0.80 Bright 
yellow 
O.IM-
Oxalic 
2.40 4.70 flo change 1.50 10.00 Greenish 
yellow 
ncid 
l.OM-
Oxalic 
acid 
10M-I1C1 
Dissolved completely 
Dissolved completely 
dissolved completely, end 
the solvent turned 
yellowish. 
Dissolved completely,and 
the solvent turned greenish 
yellow. 
Distribution studies! The adsorption of various metal 
ions on titanium tunestatos was studied in acidic (pH -5 .3 ) 
14 
water by on earlier method . The Kd values are summarized 
in Table 3 . 
T A B L E - 3 
DISTRIBUTION COEFFICIENT FOS MKT AT IONS 01? TITANIUM 
TUTJGSTaIES 18 AQUEOUS (pH =5.3 ) ME0IW 
Metal ion Compound used 
Kd (ml. « i . ) 
Sample I Sample 11 
Pb2+ filtrate 594.4 733.3 
Cd24 Chloride 266.6 480.0 
CU2+ Sulphate 292.6 540*0 
m2* Sulphate 362.5 191.6 
« 2+ Ce Chloride 134.4 100.0 
Hi24 Sulphate 408.0 24.0 
Zn2* Chloride 168.0 760.0 
filtrate 88.0 1320.0 
Ca2+ Chloride 1300.0 86,0 
sir* filtrate 61.0 108.0 
Ba24 Chloride 155*0 92.0 
Al34 Chloride 127.8 68.0 
Oa34 nitrate 66.5 25.0 
Cr34 Nitrate • 65.0 
la34 Sulphate 133.3 
Fe34 sulphate - 20.0 
VO24 Sulphate - 224.0 
30' 
Separation of alkaline earths on titanium tun&statet The 
following separations were tried on a column of 3*9 m.m. 
( i .d . } containing 2 m* of sample I (100-150 mesh) by the 
method of Inoue^* The rate of flow was kept constant 
(4 drops per minute)* 
Separation of Strontium from Calcium* strontium was 
2+ separated from a mixture containing 156.6yug of sr and 
gx 
65 yttg of Ca by elution with 0.05M~H80j. Calcium was 
then removed froxa the column by in O.OSM-HMO .^ 
Separation of Magnesium from Calclumt A mixture 
04, JJ4. 
containing 47.0 jug of % and 63.5 of Ca was applied 
to the column as above. The elumts were 0.0M-M0, and 
0.5H-tl«4n03 In 0.05M~»I05 for Mg2* and Ca24 respectively. 
The emount of strontium, magnesium and calcium was 
determined by E.D.T.A. titrations . The separations 
achieved are shown in figures 9 & 10. Some exchanger also 
dissolved during elution. The amounts of titanium and 
tungsten from the dissolved exchanger were determined 
12 13 
speotrophotometrlcally as before * in the different 
fractions of the effluent. 
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Separation of lead from numerous metal ions* The 
separation was achieved on a glass column ( l .d. 0*6 cm) 
of 2,0 gm. titanium tungstate (sample I I ) . It was washed 
with dilute nitric acid to ensure complete conversion into 
H* form and then with deionised water (pH = 5,3) to remove 
excess acid. A synthetic mixture containing 5*150 jag. 
Pb2+, and 222.7 ja®. Co 2% 220.6/Ug, ®i?*9 237.5 /Ug, Cu 2\ 
24 24 2 
86.5 /Ug. tfg » 207.5 m* M* » 265.2 Zn* and 65.6 
was applied on the column, All the interfering ions 
were eluted with 30 ml* of 0.05M-HH03. I<ead was then 
taken out with 100 ml. of UOM-SH^IlOj 4 0,05M«.nn0 ,^ The 
results are summarized in Table 4, 
The acid content of the collected effluent was 
removed by evaporating it to dryness. Lead was then 
1 ft determined spectrophotometrlcally with dithlsone, 
T A B L E - 4 
SEPAHATIOH OF LEAS I'KOK nUHEUOUB METAL XQliB 08 
TITAPt IUM TO) GST ATE (SAMPLE I I ) 
' 1 y "ll"rn 1 1 " "" 
Amount of Pb Amount of Fb - Average 
added (jug.) recovered fyug,) ^ e r r o r of $ error 
9.0 4.75 - 5.0 
25.0 24. 38 - 2.5 
50.0 51.25 4 2,5 • 1.598 
100.0 97.50 - 2.5 
150.0 150.00 0,0 
5 4 C 
X-ray atudiest All tho samples prepared and dried 
at 40° were noncrystalline when they were examined by 
X-ray diffraction (powder method}* X-ray photographs 
for samples I and XI heated at higher temperatures were 
also taken, Sample 1 started crystallisation at 500° 
while sample 11 at 200°. 
0 I S C U 8 S I O I ] 
Titanium (IV) tungstates show an interesting and 
useful reversal of properties in the alkaline earth 
series. The Kd value of Ca is very high (1300) with 
sample 1 while the corresponding values of sr and ?4g 
are low (Table 3 )* However, sample I I shows a greater 
affinity for magnesium (Kd » 1320) than for Ca» Sr or Ba. 
This fact has been successfully utilised for the separa-
tion of these metals. Thus Sr-Ca, and Ca-Mg separations 
have been achieved (figures 9 end 10) with sample I 
(100-150 mesh). Tho lead In traces (5*150 nig.) has been 
separated from numerous metal ions quantitatively (Table 
4) on a small column of 2.0 gm. titanium tun got ate 
(sample I I ) . Since the exchanger was slightly soluble 
in the eluent, it was considered worthwhile to determine 
the total amounts of titanium end tungsten dissolved in 
the process. For this purpose the fractions containing 
calcium, magnesium, end strontium were analysed for 
titanium and tungsten. In all cases titanium was absent 
while the quantities of tungsten present were 122 
22 jug., and 36 /Ug* in the fraotions containing 63*9 Ce, 
156 /ag. Sr and 47 Mg respectively* As the Kd values 
suggest, other separations are possible. 
The ion-exchange capacity of sample I i s 0.42 
m.equlv./g. while that of sample II is 0.62 m.equiv./g. 
for univalent ions (Ha or 
It seems that the increase 
of the capacity is due to an increase in tungsten content of the compound. When the capacity was determined using 
g+ 24 2+ bivalent cations such as Oa , Mg f Ba and Sr , it 
was found to be higher than for univalent ions. The 
Increase of ion-exchange capacity with bivalent ions may 
be predicted as more hydrogen ions are released from the 
structure owing to the increased hydrated radii of the 
metals. 
The pH titration curves for both the samples show 
that there is a sharper increase in ptf with the addition 
of OH-* ions in case of sample I I than in cose of sample I 
(figure 8). Since there is only one break in the titration 
curves the exchangers should be monofunctlonal acids. In 
this behaviour they are similar to stannic molybdate and 
stannic tungstate. 
The composition of titanium (IV) tungstates depends 
upon the volume ratio of mixing the two components. This 
is usually the case for the synthetic inorganic ion-
exchangers1. Chemical analysis of the four samples gives 
o 7 
o # 
tho TitW ratios as 2tl» it 1, 2t1 and 1st for samples I, 
I I , I I I and 1? respectively. Hith frequency end conduct!** 
metric titration breaks correspond to 1*1 Titw ratio 
(figures 1 and 2}* When titanic chloride is taken in the 
cell end sodium tunestate is added to it no end point is 
observed either in high frequency or in conduetimetric 
titrations* It may be due to the fact that in highly 
acidic solution the conductance i s very high and the 
addition of eodlum tungstate does not Increase the pH 
appreciably* On tho basis of the above data and the 
17 
possible titanium and tungsten specie© , the structures 
of the two chemically different compounds can be tentatively 
given as shown: 
0 0 
• 0 « T t - 0 * T i » 0 * 
0 
I A 0 
0 m v; 8 0 
0 5n H20 
n 
Sample I 
0 
0 - f i - 0 
0 1.5n H20 
QmyaO 
I • 
OH _ n 
iiauple I I 
H © Ixohangeable hydrogen Ion 
<n> n 
O o 
Thermogravlmetr i c studies of both the samples 
(figure 7) suggest that the weight of the samples decreases 
with temperature, The weight loss of the samples in H 
form upto 200° Is due to the removal of external water 
molecules in the structures. Above this temperature the 
condensation occurs owing to the loss of structural water 
molecules, which is completed upto 350°# Then the weight 
becomes constant. Such a condensation is not observed 
in the samples in K* form (figures 7b and d) owing to the 
absence of any replaceable H* ions in these cases. The 
difference in the total percent. weight loss of the ion* 
exchangers in H+ form and in it* form is responsible for 
the total number of replaceable H lens i . e . , the ion-
exchange capacity, AS figure 7 shows the difference 
between curves V and'b' i s less than the difference between 
curves Vand V thus predicting a higher ion exchange 
capacity of sample I I than that of sample I , It has been 
practically confirmed (table 1). External water molecules 
in the structures of both the samples have been calculated 
18 
by the method of Albertl et al. and they are found to 
be 6.04 for sample I and 1,54 for sample I I , 
The effect of heat on the ion-exchange capacity 
(ficure 6) shows that the samples lose their ion-exchange 
capacity slowly with temperature. On heating to 300°C the 
0 «J V 
decrease la capacity of sample I is only ca.0.09 m,e«iuiv./g. 
and the exchanger can be used at this temperature. On 
further heating, however, the capacity decreases sharply 
and at 900° it becomes negligible. In the case of sample I I , 
the ion exchange capacity becomes very low at 400°. The 
colour of the beads becomes yellow at higher temperatures. 
This may be due to the formation of tungsten oxide. X-
i n 
ray studies show that both the samples dried at 40 are 
amorphous. The crystalline character increases with 
Increase of heating temperature. This may be due to the 
fact that the dehydration of the samples takes place at 
higher temperatures and finally gives a mixture of 
titanium and tungsten oxides. This i s also supported by 
the ion-exchange capacity data (figure 6) which show -ffioct 
sample I loses i ts ion-exchange capacity at 500°C. 
It is clear from figure 3 that the ion exchange 
capacity of titanium tungstate varies from 0.9 meq./gm. 
to 0.60 meq./gm. when the precipitation pH is changed 
from 0 to tO. In this behaviour it resembles titanium 
19 
antlmonate and contrasts with the other ion exchangers 
prepared in those laboratories e .g . , molybdaJei20"*2^ and 
arsenates of tin, titanium, and thorium. 
The ion exchange capacity of these samples is 
1 1A rather small as usual with the tungsten polymers * . 
40 
This disadvantage is , however, partially compensated by 
their remarkably high stability in mineral acids* In 
* £, 
this behaviour they resemble stsnnic tungatate , 
It was observed during tho preparation of the gels 
that sample I is white while sample II Is yellow. Three 
factors may be responsible for this difference in celourt 
(1) the temperature at which they are prepared, ( i l ) the 
effect of foreign ions, and ( H i ) difference in chemical 
composition. To ascertain the cause of change in the 
colour of the samples the following steps wore taken. 
Samples were prepared at various temperatures and their 
colours were noted* Ilo effect of the temperature of 
preparation was detected on the colour of the sample. 
The Ion exchange samples prepared were also tested for 
CI , flQ^ > and SO^  , KG positive tost for these ions 
was obtained thus indicating that the foreign ions also 
do not have my effect on the colour of the sample. 
Therefore the third factor seemed to be responsible for 
the yellow colour. To confirm this, samples 111 and IV 
were prepared and their compositions determined. This 
study gave the idea that the samples having higher tungsten 
content were always yellow. Thus samples I and I I I which 
have TilV ratio of 2i 1 are white while samples I I and IV 
having the 1s1 ratio are yellow. It may be due to the 
formation of whit© /""HtfG^.HgOjf in tho former oaae and 
yellow f t t e Q ^ J 1® the latter case* This conclusion is 
also supported by the thermogravimetric studies (figure 7) 
which show a higher percent. •• weight loss in sample I 
than in sample II at 200°C. 
The elution of the hydrogen ions from the exchanger 
is noticed to bo a function of eluent concentration* Thus, 
by using sodium nitrate of different concentration the 
elution of hydrogen ions becomes constant at 1M-Ba*l0j 
(figure 4). The elution curve is, therefore, drawn by 
taking 2i4-KCl. It has been compared with 0*2M~KC1 solution 
as eluent (figure 5). The figure shows that almost all 
hydrogen ions are eluted with the f irst 50 ml. of the 
eluent* 
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C H A P T E R - III 
SF? A RATI 015 OF Ca'*" FfiOM Fe5*, Al54 AND In5* WITH A 
HEW STABLE SYNTHETIC TIT At* I UK TUHOSTmTE* EFFECT OF 
DRYING 0?} ITS STABILITY AHD ION-EXCHANGE PHOPEHTIES* 
Interesting studies have been reported on a 
1—4 
number of synthetic inorganic ion exchangers recently * 
Of the various ion -exchangers developed in our laboratories, 
titanium tungstate was found to be one of the most stable* 
The literature shows that no attempt has been made to study 
the stability of ion-exchangers at various drying tempera-
tures* Efforts have been made to increase the stability 
of the ion exchanger by drying at different temperatures. 
As a result a highly stable titanium tungstate sample was 
obtained which showed many analytical applications. The 
distribution coefficients for metal ions have been determined 5—6 
by other workers on zirconium phosphate dried at various 
temperatures. The studies were made unsystematically. It 
was, therefore, considered worthwhile to investigate the 
distribution coefficients for some motal ions as a function 
of drying temperatures. The present chapter summarizes 
the results of such studies* 
*This worx in part was presented et the International 
Symposium Vi on Chromatography and Electrophoresis, 
Brussels, 1970. 
E X F U Z H E S I A I 
Reagent at All the chemicals wars used as reported 
in Chapter II. 
Apparatus* pH measurements were made with Elico pH 
meter model LI - 1 0 . The equilibrium in distribution co-
efficient determination was attained by shaking in the 
•Sico' temperature controlled shaker at 30 - 1°C. Bausch 
and Lomb epectronic-20 colorimeter was used for spectro-
photometry work, 
Synthesis of Titanium (IV) tun/rstatet 0.3M-titanic 
chloride solution was addod into 0,3tf~sodium tungstate 
solution in the volume ratio 1*1 with continuous stirring 
at pH 1,0, A gel was formed which was allowed to stand 
for 24 hours* The supernatant liquid was decanted off . 
The gel was first washed with acidic water (pil»1.0) and 
finally with distilled water. The different portions 
of the product were then dried at varying temperatures 
(40°, 80°, 160°, 240° and 320°C). The lemon yellow 
coloured product (intensity of colour increased with 
65 
temperature) when Immersed in water, bro&e down into 
small particles as usual.. The ion exchangers were then 
converted into hydrogen form with dilute nitric acid and 
dried at their respective temperatures* 
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R E S U L T S 
Chemical stability* To determine the chemical stability 
of the exchangers dried at different temperatures, 500 m£s, 
of the sample were heated with 50 ml, of either distilled 
water or 6U-HN0. on a water bath for 6 hours with inter-y 
mittant shaking, The supernatant liquid was fi ltered 
through a fine f i l ter paper. The dissolved titanium and 
tungsten in the f i ltrate were determined as described in 
Chapter I, Figure 11 summarises the results. To test the 
possibility of p o p t i e A t ion together with dissolution of 
Ti and W, the fi ltrate was treated with a solution of 
ammonium sulphate and was kept for 24 hours. Ho flocculo*. 
tion was observed, showing thereby an absence of peptization. 
Ion-exchange capacityi Apart from the samples prepared 
by drying the mother £,el at different temperatures (drying 
temperatures), some s&uuios were also done on the sample 
ori(inally dried at 80° end then further heated at varying 
temperatures (heating temperatures). The comparative ion 
exchange capacities for K* of these different materials 
are shown in figure 12. 
/. P b 
120 160 200 240 280 320 260 400 
Drying temperature ( ° C ) 
FIG. 11 E F F E C T OF DRYING ON THE STABILITY OF 
TITANIUM TUNGSTATE 
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Distribution studies* Kd values were determined on 
titanium tungstotes dried and heated at various temperatures 
by en earlier method and the calculations were made using t 
tho following formula (Tables 5 and 6 } '« 
Amount of cation per dry gm. of ion exchanger 
e after equilibrium 
Amount of cation present per ml, of liquid after 
equilibrium 
Kd o * ~ * p 0.5 
where F is the volume of KDTA consumed after equilibrium 
and 1 is the volume of BDfA consumed by the original 
solution* 
Total volume of the solution « 100 ml$ 
and tho amount of the exchanger used s0 »5 gm. 
The distribution coeificlents for some metal ions on 
titanium tungstate at different drying and heating 
temperatures are summarised in Tables 5 and 6 respectively. 
The Kd values for Zn2+ (350.0), Cd2* (177.5)» Hg2* (95.6), 
Pb2+ (2200.0)# Bi5+ (440.0), La3* (180.0) and Ce3* (160*0) 
o 
were also determine^ on tho Ion exchanger dried at 80 C. 
Composition? The chemical analysis of the sample 
(dried at 80°) was performed by the method followed in the 
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m-equiv. of COHU 10.5gm.of the exchanger 
FIG.13 POTENTIOMETRIC ION-EXCHANGE TITRATION CURVE 
Ion exchanger: 500mgs 
Titrant:0.08N-Ba(OH)2 8H20/0.2N-BaCl2 
Added salt: 100ml-of 0«2N-BaCl2 
Temperature: 30° 1 1 ° C 
K 9 
previous chapter after dissolving the material in concen-
trated sulphuric acid. Titanium end tungsten ratio was 
found to he 1H.1. 
Ion-exchange po ten tiome trio titrations* pH-titrations 
7 
were performed by the method of Clearfield et al. Barium 
hydroxide was used as titrant end 500 mgs. of the exchanger 
(dried at 80°) were taken for the experiment. Figure 13 
shows such titrations. 
I A B N - 5 
DISTRIBUTION! COEFFIClEWTsFOtf SOME METAL 10KS IN FCATER 
(pH»5.3) Oil TITANIUM TUFLCSTATE DRIED AT VARYING TEHPERATURES 
Metal ion Distribution Coefficient, ml.g**1. 
Drying 
Temperature 
40°C eo°c 160°C 240°C 320°C 
m2* 600.0 66.6 1400.0 600,0 600.0 
Ca2+ C.A. 133.3 1800.0 458,0 458.0 
Sr2* C.A. 600.0 852.0 852,0 1400.0 
t, 2 + Ba C.A, 1000.0 1000.0 1000.0 C, a. 
0a5* C.A. C.A. C, A, 400.0 C.A. 
Al54 2300.0 0.0 66,0 200.0 200.0 
in5* 2300.0 0.0 200.0 200.0 200.0 
Fe3* 200.0 0.0 » • » 
C.A. « Complete adsorption 
T A B L E - 6 
DISTRIBUTION COEFFICIENT FOR SOME METAL XOflS IB WATFK 
(at pH«5.3) on TIT AW It® TWIGSTA T£ HEATED 4T VAFYWG 
TEHFBRA'flJHE 
Distribution coefficient, ml. f f Metal ion ________ 
temperature 8 0 °C 160°C 240°C 5 2 0 ° c 4 0 0 ° c 5 0 0 ° c 
Me2* 66.6 0.0 0.0 54.0 200.0 200.0 
Ca2* 133.3 0.0 0.0 50.0 66.6 66.6 
Sr2* 600.0 66.6 28.6 54.0 200.0 200.0 
Ba2+ 1000.0 40.0 0.0 200.0 100.0 100.0 
Ca5* C.A. 400.0 400.0 1050.0 C.A. C.A. 
Al3* 0.0 200.0 66.6 116.0 0.0 600.0 
In3* 0.0 200.0 66.6 27.3 600.0 C.A. 
Fe3* 0.0 0.0 0.0 115.8 40.0 20.0 
C.A. » Complete adsorption 
X-ray studies* The ion-exchange materials dried at 
various temperatures were examined by x-ray diffraction 
(powder method), samples dried at 80°C and 160°C wore 
amorphous while samples dried at 240° and 320°C were 
poorly crystalline in nature. 
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Some chemical separations* The sample dried at 80 C 
was used for the following binary separations Ga «• A1 
Ca3* - In3* and 0a3* - fa3*. 
Separation of Gallium from Aluminium* The separation 
was achieved on art ion-exchange column (4.0 gm. ion 
exchanger) prepared in a glass tube (i .d. 0.6 cm). It 
was washed with dilute nitric acid to en aire complets 
conversion into H form and then with deionised water 
(pH a 5 , 3 ) to remove excess acid. A mixture of 174.4yug, 
Ga and 67.6 yug. Al (pH «= 4^5) was applied on the 
column. Aluminium was eluted with demlneralised water 
(pH a 5*3) and gallium was stripped off with 1? HMO^ . 
The rate of flow of the effluent was 7^8 drops per minute. 
reparation of Gallium from Indium* The preparation and 
treatment of the ion-exchange column in this case was the 
same as given above. A mixture (pH « 4^5) containing 
3+ 3+ 174.4 jug. Ga and 143.0/Ug, la was applied, water 
(pH«5.3) und 1$ MOj were used as eluents for indium and 
gallium respectively} using a flow rate of 12^13 drops 
per minute. 
Separation of gallium from Iron (Xl lk 1*0 gm. of 
tho exchanger was f i l led in the column which was prepared 
and regenerated as above* It was loaded with a mixture 
(pH « 4^5) of 174.4 /ug. Ca3* and 139.5 /ug. of Fo3*. Iron 
was eluted with acidic water (pH a 5.3) as Al and In 
in the previous cases, while galliuia with IjS HJSG^  maintain-
ing the flow rate 7^8 drops per minute* 
The amount of cation concerned was voluraetrieally 
determined by KDTA. Separations are shown in figures 14# 
15 end 16 respectively. 
sc 
Water 1 % HNO3 
£ 
< 
o 
5 0.2 
6 9 12 15 21 24 27 30 33 36 39 42 45 
Eluate volume (ml.) 
FIG. 14 SEPARATION OF ALUMINIUM FROM GALLIUM 
Column dimensions: 
Diameter: 0.6 Cm 
Height: 6.0Cm 
Ion exchanger: 4.0gms. 
Flow rate: 7 ^ 8 drops per minute 
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Water 
0.5 
1 % HNO3 
£ 0.4, 
< 
0 
UJ 
2 0.3 
CO 1 o 
X 
: 0.2 0 
£ D 
1 0.1 
0.0 
• ln+3 
• G a + 3 
I /V 
10 20 3 0 AO 50 
Eluate volume (ml. ) 
60 70 
FIG. 15 ELUTION CURVE OF INDIUM AND GALLIUM 
Column dimensions 
Diameter:0.6 Cm 
Height: 6.0Cm 
Ion exchanger: A.Ogms 
Flow rate: 12<-~ 13drops per minute 
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Eluate volume(ml.) 
FIG. 16 ELUTION CURVE OF IRON (III) AND GALLIUM (III) 
Column dimensions 
Diameter: 0.6 Cm 
Height: 1.5 Cm 
Ion exchanger: 1.0 gms. 
Flow rate: 7 8 drops per minute 
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D i s c u s s i o n 
It Is apparent from figure 11., that the drying 
tomoeraturo of the exchanger has a considerable effect 
on its stability. The sample dried at 80° i s the most 
stable in water as well as in BtMWQy This may be due 
to the fact that the yellow hydrates of tungstlc acid 
(JIWO -^*) are more stable® between the temperatures 76°C 
and 188°C. The studies were therefore, concentrated 
o only on the product dried at 80 C. 
Ion-exchange capacity i s also effected by the 
heating and drying temperatures. In both cases the ion-
exchange capacity of the material decreases with increase 
of temperature. As i t is clear from figure 12 the capacity 
fa l l s linearly with drying or heating temperatures upto 
240°» although more sharply in the latter case. Thus 
the ion-exchanger can be of use even i f i t is prepared 
by drying the material at as hieh a temperature as 250°C. 
This decrease in capacity is understandable because with 
the condensation of the molecule there i s a loss of their 
functional groups containing replaceable hydrogen ions. 
Since the condensation is slow with the drying temperature, 
60 
the capacity does not fa l l as sharply as in the case, when 
the ion exchanger is dried at 80°C and then heated at 
higher temperatures, 
Distribution studies on titanium tungstate at 
different drying temperatures (fable 5) seem to be of 
much Interest. Kd values decrease when the drying tempera-
ture is raised from 40° to 80°C. Then the behaviour of 
calcium and magnesium is quite different from that of 
barium and strontium. The exchanger shows high affinity 
for calcium and magnesium at 160°, which is lost at 240°C, 
The Kd values for Ba and sr remain almost constant upto 
240°C end again increase upto 320°C» while those of Ca 
and Mg remain constant. Since the hydrated radii of these 
four ions, undor study, are in the order of Mg > Ca > Sr > 
Ba, magnesium is not held so tightly as other ions Into 
the pores of the exchanger. This i s Illustrated by the 
fact that at 40°C the Kd value for magnesium is 600 while 
the other three ions are completely adsorbed. The decrease 
in Kd values at 80°C may be due to a decrease in the size 
of the pores in the exchanger* The Kd values of Ca and 
Mg however, sharply increase at 160°C, This increaso in 
distribution coefficients Is probably due to the increased 
orosslinfelng and thus increasing the selectivity for the 
Q O 
cations , At 240 C the decrease in Kd values suggests 
61 
that in addition to the increased cross!inkage the eteric 
and free energy factors play an important role and effect 
10 
significantly the equilibrium constant • After this 
temperature the formation of oxides of titanium and 
tungsten takes place which enables the ion-pair formation 
with the incoming cations. It is also supported by the 
ion-exchange capacity data of the exchanger (figure 12) 
that the ion-exchange capacity is negligible at this 
temperature. The similar behaviour i s also observed for 
the t rival en t cations such a® Oa3>, In3+ and Al3* (Table 5). 
The effect of heating temperatures on the distribution 
coefficients for the alkaline earths con be explained as 
followsi initially whon the temperature is increased the 
Kd values of all these ions decrease since the capacity 
also decreases. This decrease £0®® on upto 240°C when the 
capacity becomes 0.04 m.equiv./gm.. The Kd values, however 
increase beyond this temperature possibly because the ions 
are held by the exchanger. Owing to some non ion exchange 
phenomena such as ion pair formation or adsorption on the 
oxides formed. 
The pH titration curve (figure 13) reveals that 
ion exchange increases with increase in pH. At pH 6-7 
the ioh exchange capacity from the titration curve coincides 
with the practical value (0.80 mcQ./gm.). The titration 
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curve indicates the monofunctional acid behaviour of the 
exchanger, 
the importance of this new stable titanium tungstate 
has been enhanced by achieving quantitative binary separa-
tions successfully. Thus Ca54 has been separated from 
A l 5 \ In3* and Fe3+ in the binary mixtures on its column. 
Since aluminium. Indium and iron have zero Kd value, 
their elutlon is effected with water. Gallium is however 
not eluted with water. It is stripped off by increasing 
the hydrogen ion concentration of the oluent (10 HNO )^ 
because now the Kd value is considerably decreased. 
0 o> 
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C H A P T E R - IV 
SYNTHESIS OF A POORLY CRYSTALLINE TITAHIUM TUiSGSTATEf 
3EPAHATI0B OF Hf4* fROH Zr4* AUD OF La3* FROM Ce3*, 
Pr3*f fld3* AHD Sra3* 
Some studies have been reported earlier1*2 on tho 
synthesis and ion-exchange properties of titanium tunestates. 
It is difficult to say much about its structure until and 
unless i t is crystalline. Despite persistent efforts 
titanium tungstate could not be crystallised. However, a 
poorly crystalline phaso was obtained* The present Chapter 
deals with our results on this sample cad correlates its 
properties with the titanium tun estates synthoslsod earlier. 
•A part of this work was presented at the 58th s esslon of 
the Indian Science Congress Association, Bangalore (1971). 
E X P E R I M E N T A L 
' Rsaiyentsi All chemicals ucod were as reported in the 
proceeding Chapters* 
Apparatust For i*r* analysis, thermal studies (DTA» 
TCA)_oii.4_flemo-phoioooiryt-Portiin-Bloer infra-red spectro-
photometer, Aminco thorooanalyzer (U*S*A.)# end Aimil flame 
photometer were used respectively* Other measurements were 
dene as described earlier* 
Synthosls of Titanium tunratatei Three l itres of 0*5M~ 
tltanlo chloride (diluted froa 15$ TiCl^ solution eontg* 
15$ HC1) and three litres 0.5^-sodium tun get ate solution 
(acidified with 100 ml* concentrated hydrochloric acid) were 
warned separately* Titanic chloride solution was then added 
to the acidified sodium tun gatate solution slowly (volume 
ratio 1t1)» A yellowish gel was formed which was heated 
to boiling with continuous stirring for ten hours* The 
mixture was cooled to room temperature and the supernatant 
liquid (pH * 0) was decanted off* The precipitates were 
fi ltered under suction and dried at 40° «*<* 60° separately 
(Sample IV)* They vera Immersed la 2M-»HB05 for 24 hours. 
Exoess of the acid was then removed by washing with detainers*, 
licsed water* They were then dried again at their respective 
temperatures. 
R E S U L T S 
Chemical Analyst si Tho titanium to tungsten ratio was 
2 found to he 3*4 by analysing sample IV as earlier • 
Chemloal stability! The purpose of drying the ion 
exchange material at 40° » d 80° was to confirm the state-
2 
meat "drying affects the stability". Quantitative deter-
mination of solubility of sample IV in water bydrochlorio 
acid end formic acid was dono as described in Chapter I I I . 
The results are summarised in table 7. The chemical stability 
in f i0ire 22 refers tot 
•mount of Ti4+ dissolved + amount of dissolved 
0.5 ga. of the exchanger was dissolved in 50 ml of the 
solution In each case. 
I A B L E - 7 
AMOUNT OF TITANIUM AHD TUNGSTEI? DISSOLVED IK WATER, 
FORMIC ACID, HYDROCHLORIC ACID, AIID HITH1C ACID FROM 
TITANIUM TUBGSTATE (SAMPLE XV) (ogs*/50 ml) 
Amount of 
dissolved 
Sample Sample 
dried at dried at 
40° 80° 
Solvent 
Amount of U 
dissolved 
Sample 
dried at 
40° 
Sample 
dried at 
80° 
water 0*00 0*00 
s 
6M-nitric Acid 2*05 0*55 
IM-Formic Acid - 0*00 
1M-Hydrochloric * 0*16 
Acid 
0*00 
0*80 
0*00 
0*40 
0*00 
0*00 
Heat Treatmenti (a) Sample IV was further heated at 200° 
(Sample A), 270° (Sample B), 460° (Sample C), 600^ 700° 
(Sample D), and* 800° (Sample E) in a muffle furnace for 
one hour* 
(b) Thermogravlaetrlc Analysis! Sample IV in hydrogen, 
lithium, sodium, potassium, rubidium and ceaslum forms was 
subjected to therraogravimetry at a heating rate of 6° per 
minute j 200 mgs, of the samples being taJcen initial ly for 
2 8.0 
2 AO 
20.0 
S 16-0 
12.0 -
SAMPLE IV IN HYDROGEN FORM 
SAMPLE IV IN Li* FORM 
SAMPLE IV IN Na+FORM 
SAMPLE IV IN K* FORM 
SAMPLE IV IN Rb* FORM 
SAMPLE IV IN CS*FORM 
300 400 500 
Temperature ( °C) 
600 700 800 
FIG. 17 THERMOGRAMS OF TITANIUM TUN GST ATE 
70 
tho experiment* The results are shown in figure 17* 
(o) Differential Therms! Anal.vslst D.T.A. of Sample 1V 
in hydrogen, sodium and potassium forms was done at the same 
heating rate as in theroogravimotry* The plots of-A T 
versus T are given in figure 18* 
X-ray Studios* X-ray diffraction spectra for samples 
XV, A and D were taken using Cu E^ c radiation with nickel 
f i l ter* Samples IV and A are poorly crystalline in nature 
while sample 0 gives a number of lines in the X-ray spectrum* 
The d spacings of sample 8 as calculated from the spectrum 
aret 
3.8635(VS)» 3.7666(3), 3*6596(S), 3*5309(W), 3*3603(W), 
3#161?(o)t 2.6961(a), 2.6345(»)t 2.4402(W), 2*1841(V.tf), 
2* 1493(VI'), 1.9239(W), 1*8863(VW)f 1.8226(H), U640700. 
t .5405 (VW) and 1.4955(VW). 
£*V»very| S»»trongf MwMediua, and V^Vee^. 
I.R. Spectrophotoae tr.vi This study was made using 
flaCl disc and Sujol mulls with Had blank disc* The 
spectrum is shown in figure 19* 
o o o 
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SAMPLE —IVIN IFVDROGEN FORM 
SOLVENT - NUJOL 
CEL1, - N O C I DISC 
SCAN$PEEO-FAST 
S U T - 25MM 
REMARK- 1480FT 1380 CM"1 ARE NUJOL PEAKS (MARKED N) 
2000 1800 1600 
F R E Q U E N C Y ( C M - 1 ) 
F I G RA INFRARED S P E C T R U M O F TITANIUM TUNGSTATE 
o o 
Ion-Exchange Capacity! Titanium tun gat at a shows cation 
exchange properties. The ion-exchange capacity of sample iy 
for alkali metals and of samples A, B, C and D for Cs* only 
4 
at pH 5-6 was determined by the earlier method (table 8)* 
T A B L E - 8 
lOB-EXCHAIJOE CAPACITY OF TITAWU& TU3GSTATE 
Cations Ion Exchange capacity (m, equiv.y f(P* ) 
Sample Li* Ba* K* Rb+ Cs* 
IV 0,18 0,28 0.45 0*36 0.95 
A - - m 0*45 
B - •mm mm 0*25 
V 
C M - - - 0.10 
0 • — 0*00 
Ion-Exchange Potent loaetrle Tit rational pH Titrations 
of sample IV with lithium hydroxide» sodium hydroxide and 
potassium hydroxide wore performed as described in Chapter 
I I I , The effect of hydroxyl ions on the pH of the equili-
brating solution i s shown in figure 20, 
Xi > 
0 1 
LITHIUM HYDROXIDE AS TIT RANT 
- X — SODIUM HYDROXIDE AS TIT RANT 
-A— POTASSIUM HYDROXIDE AS TIT RANT 
A T Y 
FIG.20 ION EXCHANGE POTENTIOMETRIC TITRATION CURVES 
FOR TITANIUM TUNGSTATE (SAMPLE IV) 
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Distribution Studiest Kd values for 26 metal Ions on 
sample IV ixi water end in 0*1!4»formlc acid wero determined 
as described earlier (table 9)* Ed values for some alkali 
metals on samples 2« I I , XII and IV were also determined. 
The results are summarised in table 10* Synthesis and ion 
1 2 
oxchaago properties of samples 1, I I and I I I have be ©a 
described earlier* They have the Tlifcf ratio of 2d , 1«1, 
and 1t1*1 respectively* Lithium was determined by spectro-
photometry^ while sodium and potassium were estimated by 
flame photometry* 
Some Chemical Separationat The following quantitative 
separations were achioved on the column (l*d* 0*6 cm*), 
using 1 03* of sample IV* The column was washed with dilute 
nitric acid and then with water* 
(a) Separat ion o f Hf 4 * from Z r 4 * i A m i x t u r e of Z r 4 * 
J * 
(541 yug) and Hf (417*6 jug) was applied to the column* 
The effluent was recycled On the column* Hafnium was now 
eluted with 25 ml* of 0*1M*formic aold at a flow rate of 
A* 
7*8 drops per minute* Hf was determined volumetrlcally 
with EDXA after removing foroio acid by evaporation to 
dryness* Zirconium could not be eluted with lN«*oitrie acid 
or with 4M-ammonlum nitrate in 0*5M»HB0** 
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T A B L E - 9 
DISTRIBUTION COEFFICIERT FOB METAL ICRS Oil 
SAMPLE IV HI WATER AtfD 0.1HUF0RHIC ACID 
Metal 
lone 
Distribution coefficient 
(jag* ) 
Solvent Water O.tM-Forniic Ac: 
Hg 25*0 6.6 
Ca2* 38*8 0*0 
sr2* 355*5 14*3 
Ba2* 4800*0 45*0 
Y3* 1125*0 316*0 
La3* 1000*0 56*2 
Ce3* 10*9 6*8 
Pr3* 13.0 4*8 
nd3* 8*6 6*3 
Sm3* 11.0 75*1 
2r4* C* A* C*A. 
Hf4* 220*0 1.2 
v4* 13*3 9*0 
cr3* C.A. 0*0 
Cu2* 150*0 33*3 
Zn2* 
Cd2* 
H ^ 
AX3* 
Ca3* 
In3* 
So3* 
107.0 
66*0 
1500*0 
C* A* 
2140*0 
53*8 
31*5 
0.0 
24*8 
540*0 
300*0 
1020*0 
0*0 
117*4 
C.A. w Complete adsorption* 
T A B L E 10 
DISTRIBUTION COEFFICIENT OF SOME ALKALI METAL IOflS 
OH SAMPLES 2, I l f I I I A8D XV 
Alkali 
Distribution coefficient (ml.ga* ) 
metal sample I XX XXX XV 
6*3 22*9 8.6 10*4 
2 1 * 2 81*8 2 1 * 2 48*1 
160*0 C*A* 225*0 333*3 
C*A* m Complete adsorption* 
To find out whether zirconium was sorbed by ion 
exchange or not , several conical, flasks were taken containing 
500 mgs* of the exchanger beads and 50 ml* of slrconlum 
solution containing 0-400 MB* of sirconium. After shauing 
for six hours Zr and Ti were determined in the supernatant 
liquid* Both were found to be absent* 
SsparatIon of Bare Earthai La-Ct, La-Pr, Ls~Nd, and 
La~Sm were quantitatively separated on sampla XV (figure 21)* 
In every case 248 u^g* of L a was applied while the quantities 
of Ce, Prf Bd and Sm applied were 983» 1410, 1442, and 
1503 /ig* respectively* 0*010 fJH^nOj solution was used a s an 
eluent for Ce, Pr, ltd and Sm* La was stripped off with 10 
MOj (flow rate 7*8 drops per minute)* 
1 « 1 1 • 1 
(£> UD •J- r> 
O o o o o o 
to 
o If) o >r o 
cn o 
fM 
o 
Ciw) V i a 3 - W C - 0 L X Z aujn|0A 
7 9 
o 
o 
I 
E 
al 
I O 
I 
I— a. 
i 
o 
u_ o 
CO UJ > 
on 3 O 
z o 
H-
ZD 
_J 
UJ 
CM 
d 
D i s c u s s i o n 
The new phase of titanium tun got ate has some unusual 
characteristics* It has the highest W/Ti ratio and is poorly 
crystalline* All other samples wore completely amorphous* 
The important points are discussed belowt 
Thermograms for sample iv in hydrogen, lithium, 
mdtum$ potmeim and camim forms are Bhmtn in figure f7* 
The thermograms of titanium tungstate in rubidium end 
caesium forms may be explained as follow at upto 300°C thoro 
is a continuous elimination of free water molecules and 
those from the condensation of OH groups* This is collaborated 
by the fact that the ion-exchange capacity in the caesium 
form la 0*95 aeq./ga* at 80°C and diminishes continuously 
with increase in temperature* At 400°C the ion-exohange 
capacity becomes negligible since the condensation of OH 
groups is almost complete* After 400°C there is no loss in 
v t ( p t as expected. 
The thermograms of titanium tungstate in the hydrogen 
lithium, and sodium forms may be explained similarly. However, 
there is a creator weight loss in these oases at 400°C owing 
80 
to a greater hydration of the exchonger in theee forma* At 
470°C there ia again a sharp weight loss which needs further 
study for a clear explanation* 
The removal of free water molecules and those from the 
condensation of OH groups upto 300°C is also confirmed by 
2>*T*A* curves (figure 18)j there is a broad endothermio peak 
between 160° to 300°C range* The exothermic peak in D.T* A* 
curves also explains tho formation of the oxides between 
500° and 700°C. 
The X-ray patterns do not give quantitative conclusions 
because the sample is not very crystalline. As tho temperature 
increases the ion-exchango capacity decreases owing to the 
slow formation of crystalline oxides. Sample D which shows 
a number of lines In X-ray spectrum is a mixture of oxides 
of titanium and tungsten as the d spaclngs of moot of the 
lines coincide with the patterns of W03 (ASTM Card Ho*5-0363) 
and T102 (ASTM Card Ro. 3-0380), 
There are three peaks in the infra-red spectrum of 
titanium tungstate (Sample IV)(Cf. figure 19). The f i r s t 
peak l ies between 2800-3000 caT1 (maximum at 2900 caT1 )$ the 
second exists between 1500-1650 cm*1 (maximum at 1620 ca**1) 
•1 
and the last Is a broad band which l ies between 400-800 ca * 
On the basis of the data for g r a t e d titanium oxide* . « 
sodium tungstate^ we can say the f i rst peak is due to the 
in teres! it iai water and hydroxyl groups, the second corresponds 
to the lnterestitlal water only while the last broad band is 
due to the metal-oxygon bonds* From the above results and 
the aqueous chemistry of titanium and tungsten we can postulate 
the formula of sample IV as followst 
/"<Ti(OH)3)3 («03H20) <W030H)3 J n 5.5n HgO 
The exchangeable hydrogen ions are marked with stars* 
The ion-exchange capacity of sample IV for alkali 
metals is In the order Co > K > Kb > Ha > Li, This may be 
explained in terms of the hydrated radii of the ions* The 
lon-exehange potentiomotrie titrations show that ion exchanre 
increases with increase in the pH of the solution* * The ion-
exchange capacity as calculated from these titrations is the 
same as obtained experimentally. 
The adsorption behaviour of alkali metals and alkaline 
earths depends on the hydrated radii of the cations. Thus 
the smaller the radius the larger is the Kd value, the order 
being as followst 
K+> Na* > Li* and Sa2*> Sr2* > Ca2* > Mg2*. 
The decrease in the Kd values in 0.1M~formic acid may be 
due to the fact that in acidic medium (or low pH) the exchange 
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6 and adsorption doorcases • This is further confirmed by 
the pH titrations (fitfjre 20)* 
This ion exohan£er is very useful for the separation 
of Hf4* from 2r**, Zr4* is irreversibly adsorbed* How over, 
the uptako of Zr4* la not followed by the releaso of titanium 
and it appears that zirconium-titanium tungstate is formed* 
war «* 
A similar behavlour^noted by Ahrland and coworkers' who found 
FO3+ io Irreversibly adsorbs oo zirconium phosphate. They 34, 
explained this phenomenon by postulating that Fe la incor-
porated in the matrix, A similar explanation may hold in 
this case also* Owing to a large difference in the Ed values 
of La54 from those of Ce5*! Pr3*, Bd3* and Sm3*, the separa** 
tlon of lanthanum from these metals has been achieved 
2+ 
(figure 21)* The other possible separations aret Ba from 
Sr2*, Ca2* and Mg2*! Sc3* from Y3*| Cr3* from VO2*, and Cu2*| 
and Al3* from Ca3*, In3* and He2*. 
It is instructive to compare the various titanium 
tungstate samples synthesised in our laboratories* Such 
comparison brines out vividly the effect of composition on 
the ion-exchange properties of the inorganic ion exchangers* 
Zt la clear from figure 22 that as the tungsten content 
increases the sample is more stable in wator as well as in 
68-HSOj, The Tii W ratio also affects considerably the ion-
exchange capacity of the sample (figure 23)* At 40°C and 
Q O o o 
0 0,5 1.0 1.5 
W/Ti ratio 
FIG.22APLOT OF CHEMICAL STABILITY IN WATER AND 6M-HNO3 
VERSUS THE W/Ti RATIO OF TITANIUM TUNGSTATES 
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W/Ti ratio 
FIG.23 ION EXCHANGE CAPACITY AS A FUNCTION OF 
W/Ti RATIO 
100°C the chemically most stable sample has the highest 
lea-exchange capacity. Above 100°C the sample with the 
smallest percentage of u has the hltfiest ion-exchsnge capacity. 
This mqy be explained as follows* tfpto 100°C the loss in 
woight i s due almost entirely to the removal of water of 
hydration. Hcnce there is a net gain in ion-exchange 
capaolty (curve 1 & 2 of fimpure 23). The maximum in curves 
I and 2 is due to the foot that the Ion-exchange capacity 
depends upon the tungsten content of the sample. At 200°C 
and above, condensation of -OH groups begins. The larger 
the number of -OH ©roups tho easier the condensation and 
hence there is an abrupt f a l l in the ion-exchange capacity 
as the w/Ti ratio increases. The w/Ti ratio also affects 
the Ed values (table 10). Although the order i s not affected 
there is a considerablo difference in magiitude* The sample 
I I can be very useful for the separation of K* from Ha* and 
1 1 * . 
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Preparation and Properties of Titanium(iv) Tungstates 
By Mohsin Qureshi* and J a i P r a k a s h G u p t a , Chemical Laboratories, Aligarh Muslim University, Aligarh, U .P., 
India 
A new inorganic ion exchanger showing an unusual selectivity has been prepared by mixing 0 04M-titanic chloride 
with 0 02M-sodium tungstate in the volume ratio 1 :1 atpH 2—3; the compound hasTi:W ratio 2 :1 . If however. 
0 02w-titanium sulphate is mixed with 0 04M-sodium tungstate in the volume ratio 1:1 at pH 2—3 the gel formed 
has the Ti : W ratio of 1 :1. Ion-exchange properties of both the samples have been studied and the utility has been 
demonstrated for the separation of Ca from Sr and for the separation of Ca from Mg. Neither sample dried at 40* 
shows any crystalline phase when examined by X-ray analysis. 
THERE has been increased interest in synthetic in-
organic ion exchangers since Amphlett's review.1 
These have proved very efficient for the preparation of 
selective ion exchange papers.2 However, little work 
has been reported on ion exchangers based on titanium, 
and none on the ion-exchange properties of salts con-
taining both titanium and tungsten. We have studied 
the composition and ion-exchange properties of precipi-
1 C. B. Amphlett, ' Inorganic Ion Exchangers,' Elsevier 
Publ. Co., New York, 1964. 
tates obtained by mixing solutions of titanium(iv) salts 
with sodium tungstate solution. These precipitates are 
called ' titanium(iv) tungstates '. 
EXPERIMENTAL 
Reagents.—Sodium tungstate, sulphuric acid, and 15% 
(w/v) solution of titanic chloride were AnalaR. Titanium 
dioxide was from B.D.H. and other chemicals were of 
4 M. Qureshi, I. Akhtar, and K. N. Mathur, Analyt. Chem., 
1967, 39, 1766. 
1756 J. Chem. Soc. (A), 1969 
reagent grade Titanium sulphate was prepared freshly 
from titanic oxide as usual,3 '4 dilute solutions of titanic 
chloride were obtained freshly from the 15% solution 
Apparatus—High-frequency titrations were performed 
with a Sargent Oscillometer model V in a 100 ml cell 
Conductimetric titrations were done with a Philips con-
ductometer model P R 9500 p H was measured with a 
Beckmann model G instrument, and a Bausch and Lomb 
Spectronic 20 colorimeter was used for spectrophotometry 
work Thermogravimetric analysis was performed on a 
Stanton thermobalance type H4 and X-ray studies were 
made with a Philips unit 
Preparation of Titamum(iv) Tungstates —The titanium 
tungstate gels were prepared as follows 
Sample I Acidic 0-04M-titanic chloride solution and 
0-02-M-sodium tungstate solution were mixed m volume 
ratio 1 • 1 and the pH was adjusted with ammonia to 2—3 
Sample II 0 02%1-Titanium sulphate and 0 04\i-sodium 
tungstate were mixed in the volume ratio ( 1 : 1 ) and the 
pH was adjusted to 2—3 as above 
Sample I I I This sample was prepared as sample J with 
titanium sulphate in place of titanic chloride 
Sample IV. The method was as for sample I I , with 
titanic chloride instead of titanium sulphate 
The titanium tungstate obtained by either method was 
digested at room temperature for 24 hr and washed with 
distilled water The precipitates were filtered under suc-
tion and dried at 40° The gels when immersed in water 
broke down to small granules along the lines of strain 
Finally the particles were dried at 40° and were sized bv 
2 5.9 O O 
25 , 500 
25.IOO 
24 ,700 
| 2 4 , 300 
23 , 900 
23,5,OO 
23.IOO 10 2 4 6 8 
Vol. of O-IM TIC14 ImU 
FIGURE 1 Conductiometric titration of 2 ml. of 0-lM-sodium 
tungstate with O-lM-titanium(iv) chloride 
sieving. The exchanger was then converted into hydrogen 
form as usual with 2M-HN09 . 
3 M. Qureshi, J. P. Rawat, and F. Khan, Analyt. Chxm. Acta. 
1968, 41. 164. 
4 J. C. Guyon and M. G. Mellon, Analyt. Chem., 1962, 34, 856. 
6 G. E. F. Lundell and J. I. Hoffman, ' Outlines of Methods 
of Chemical Analysis,' Wiley, New York, 1958, p. 121. 
• N. H. Furman, ' Standard Methods of Chemical Analysis,' 
D. Van Nostrand Co., Inc., Princeton, 1962, vol. I, p. 673. 
Physical Properties—Samples I and III were white and 
scmitransparent, while samples II and IV were shiny light 
yellow (glassy) The particles were hard and suitable for 
column operation 
Composition —100 mg of the exchangers in hydrogen 
form were washed with water to remove adsorbed titanium 
A OO 
§ 2 - 0 0 -
o o 
O-OO 
Vol. of O - lMT iC I (ml.) 
FIGURE 2 High-frequency titration of 1 ml of 0-LM-sodium 
tungstate with 0-LM-titanium(I\) chloride 
or tungstate. They w ere dissolved in 25 ml of concentrated 
hydrochloric acid A known quantity of sodium molybdate 
was added completely to precipitate5 tungsten with 
a-benzom ox ime 6 Tungsten w as then determined 7 
Titanium was estimated in the filtrate 8 Organic matter 
was removed by an oxidizing mixture of perchloric acid, 
nitric acid, and sulphuric acid (4: 1 : 5 ) High-frequency 
and conductiometric titrations were also performed m sup-
port of the results of classical methods of analysis They 
are summarized in Figures 1 and 2 respectively 
Ion-exchange Capacity.—The ion-exchange capacity of 
each sample was determined by Samuelson's method,9 a 
glass column ( i d 0-8 cm ) being used The flow rate was 
0-5—0-6 ml per minute. 
TABLE 1 
Ion-exchange capacity of titanium(iv) tungstates 
Ion-exchange capacity (mequiv. 'g ) 
Exchanging ion Sample I Sample I I 
Na+ 0-42 0-62 
K+ 0-42 0-63 
Ba2+ 0-77 0-89 
Sr2+ 0-55 0-78 
Ca2+ 0-46 1-02 
Mg2+ 0-52 0-76 
Concentration and the Elution Curies — T o find the maxi-
mum concentration of the eluant to elute the hydrogen ions 
completely the concentration curve was plotted by taking 
400 ml of solutions of sodium nitrate of different concentra-
tions (Figure 3). The elution curve was drawn 10 (Figure 4). 
2M KC1 solution was used 
' M. Qureshi and K. G. Yarshnev, J Inorg. Xucleai Chem., 
1968, 30, 3081. 
8 I. M. Kolthoff and P. J. El\ing, ' Treatise on Analytical 
Chemistry,' Interscience Publishers, New York, 1961, vol. A", 
p. 49. 
' O. Samuelson, Dissn., Tekn Hogskolan, Stockholm, 1944. 
10 Y . Inoue, J. Inoig. Kucleat Chem., 1964, 26, 2241. 
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-0*4 
.0-2 
brown at 200°, yellow at 300°—700°, and bright yellow at 
800°. The ion-exchange capacities of the samples were also 
determined after each heat treatment as usual (Figure 5). 
pH Titrations.—The p H titrations (Figure 7) of both 
samples I and I I were performed by the method of Topp and 
Pepper.1 1 
Chemical Stability —Sample I showed no change in colour 
and shape in 2M solutions of H„S04 , HNO a , HC1 and 40% 
FIGURE 3 
° ° 0 IM 2M 3M 4M 
Concentration of NaNOj 
Exchange capacity as a function of concentration 
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% 
A 
20 40 60 
Vol. of effluent tmlj 
80 
FIGURE 4 Elution curve of hydrogen ion 
6OO eoo 200 400 
Temp. I°cl 
FIGURE 5 Exchange capacity as a function of temperature 
Thermogravimetry.—The thermogravimetric studies of 
samples I and I I were performed in hydrogen as well as in 
potassium form at a heating rate of 4—6° per minute 
(Figure 6). Samples I and I I were heated at 100°, 200°, 
300', 400*-, 500=, 600', 700', and 800°C for 1 hr. in a muffle 
furnace. Sample I remained white up to 200°. On further 
heating it became yellow and brightened further at higher 
temperatures. Sample I I was light yellow at 110°, dirty 
200 
15-0 
^ lO-O 
•6 
5*0 
8OO 1200 400 
Temp l°cj 
FIGURE 6 Thermograms for titanium (iv) tungstate 
a, Sample I in H + form; b, sample I in I<+ form; c, sample I I 
in H + form; d, sample I I in K + form 
12-00 
IOOO 
OOO 2 4 6 8 IO 
[oH"]added (mequiv, per O-Sg of exchanger) 
FIGURE 7 pH Titration jpurves of titanium tungstate polymers. 
Sample I sample I I - O -
acetic acid when kept for a day. The colour changed to 
yellow after three days. In ammonia, 40% dimethylamine, 
and 99% pyridine it seems to be unstable as a white tur-
bidity appeared within a few hours. Organic solvents like 
alcohol, acetone, formic acid, 50% tartaric acid, and ether 
produced no change in the cold, but on refluxing for J hr., 
the beads became yellow. 
For the detailed studies on the stability of the ion ex-
changer in different solvents, 500 mg. were taken in 50 ml. 
» N. E. Topp and K. W. Pepper, J. Chem. Soc., 1949, 3299. 
1756 J. Chem. Soc. (A), 1969 
of solvent and were refluxed as usual.12 Titanium and 
tungsten dissolved were determined spectrophotometric-
ally 13-14 in the solution (Table 2). 
T A B L E 2 
Chemical stability of titanium tungstates 
Solvent 
Water 
2x-HNOa 
6X-HNO3 
2.n-H2S04 
6n-H2S04 
2n-HC1 
6-v-HCl 
lOx-HCl 
LM-Oxalic 
acid 
OLM-
Oxalic 
acid 
Sample I 
Ti W 
dis- dis-
solved solved (mg./ (mg./ 
50 ml.) 50 ml.) 
0-00 0-55 
2-00 
2-45 
0-45 
1 - 8 0 
1-55 0-45 
Change in 
colour of 
the ex-
changer 
No 
change 
Yellow 
Bright 
yellow 
Yellow 
Sample I I 
Ti W 
dis- dis-
solved solved 
(mg./ (mg./ 
50 ml.) 50 ml.) 
0 0 0 0-80 
000 
000 
0-40 1-00 
2-50 
2-85 
3-32 
1-55 Bright 
yellow 
0-55 Yellow 
310 Bright 
yellow 
Dissolved completely 
within few minutes 
Dissolved completely 
within J hr. 
2-40 4-70 No 
change 
Change in 
colour of 
ex-
changer 
No 
change 
Yellow 
Bright 
vellow 
Bright 
yellow 
Greenish 
vellow 
Bright 
yellow 
Greenish 
yellow 
Dissolved completely 
within J hr. and the 
solvent turned yellowish 
Dissolved complfetely 
within 1 hr. and the 
solvent turned greenish 
yellow 
1-50 10-00 Greenish 
vellow 
0-00 0-40 
1-50 1-00 
0-75 0-80 
2-00 2-00 
Distribution Coefficients.—The adsorption of various metal 
ions on titanium tungstates was studied by an earlier 
method ' (Table 3). 
T A B L E 3 
Distribution coefficients for metal ions on titanium 
tungstates in aqueous medium 
Compound A'<* <mL S-"1) 
Metal ion used Sample I Sample I I 
Pb2+ Nitrate 594-4 733-3 
Cd2+ Chloride 266-6 480-0 
Cu2+ Sulphate 292-6 540-0 
Al3+ Chloride 127-8 68-0 
Ga3+ Nitrate 66-5 25-0 
Cr3+ Nitrate — 65-0 
In3+ Sulphate — 133-3 
Fe3+ Sulphate — 20-0 
V4+ Sulphate — 224-0 
Mn2+ Sulphate 362-5 191-6 
Co2+ Chloride 134-4 100-0 
Ni2+ Sulphate 408-0 24-0 
Zn2+ Chloride 168-0 760-0 
Ba2+ Chloride 155-0 92-0 
Sr2+ Nitrate 61-0 108-0 
Cas+ Chloride 1300-0 88-0 
Mg2+ Nitrate 88-0 1320-0 
Separation of Alkaline Earth Metals on Titanium Tungstate. 
— T h e following separations were tried on a column of 
3-9 mm. (i.d.) containing 2 gm. of sample I (100—150 
mesh) by the method of Inoue.10 The rate of flow was 
kept constant (4 drops per minute). 
12 M. Qureshi and J. P. Rawat, J. Inorg. Nuclear Chem., 1968, 
30, 305. 
13 E. B. Sandell, ' Colorimetric Determination of Traces of 
Metals,' Interscience Publishers, Inc., New York, 1959, p. 873. 
Separation of Sr from Ca. Strontium was separated from 
a mixture containing 156-6 jj.g. of Sr and 63-5 u.g. of Ca by 
elution with O-OOM-HXO,. Calcium was then removed 
from the column by 0-5M-XH4X03 in 0-05M-HX03. 
Separation of Mg from Ca. A mixture containing 47-0 jig. 
of Mg and 63-5 ^g. of Ca was applied to the column as above. 
The eluants were 0-05.M-HX03 and 0-5M-XH4X03 in 
0-05M-HX03 for Mg and Ca respectively. 
The amount of strontium, magnesium, and calcium was 
determined by E D T A titrations.15 The exchanger dis-
solved slightly during elution. The dissolved amounts of 
titanium and tungsten in the different fractions of effluent 
were determined spectrophotometrically as before.13,14 
X-Ray Studies. Both samples were non-crystalline by 
X-ray diffraction. 
R E S U L T S A X D D I S C U S S I O N 
Titanium (iv) tungstates show an interesting and useful 
reversal of properties in the alkaline earth series. The 
K i value of Ca is very high (1300) with sample I, while 
the corresponding values of Sr and Mg are low (Table 3). 
However, sample I I shows a greater affinity for 
Mg (Kd = 1320-0) than for Ca, Sr, or Ba. This fact has 
been successfully utilized for the separation of these 
metals. Thus Sr-Ca and Ca-Mg separations have been 
achieved (Figures 8 and 9) with sample I (100—150 
mesh). Since the exchanger was slightly soluble in the 
eluant, it was considered worthwhile to determine the 
total amounts of titanium and tungsten dissolved in the 
process. For this purpose the fractions containing 
calcium, magnesium, and strontium were analysed for 
titanium and tungsten. In all cases titanium was 
absent while the quantities of tungsten present were 
122 fj-g., 22 fig., and 36 ptg. in the fractions containing 
63-5 ^g. Ca, 156 ng. Sr, and 47 (j.g. Mg respectively. As 
the Kd values suggest, other separations are also possible. 
For example, lead can be separated from Ga, Co, Zn, Sr, 
or Mg with sample I. Similarly sample I I appears 
promising for the separation of Pb, Zn, or Jig from 
numerous metal ions. 
The ion-exchange capacity of sample I is 0-42 mequiv./ 
g. while that of sample I I is 0-62 mequiv./g. for univalent 
ions (Na+ or K + ) . It seems that the increase of the 
capacity is due to an increase of tungsten content of the 
compound. When the capacity was determined using 
bivalent cations such as Ca2+, Mg2~, Ba2- and Sr2-, it 
was higher than for univalent ions. The increase of ion 
exchange capacity with bivalent ions may be predicted 
as more hydrogen ions are released from the structure 
owing to the increased hydrated radii of the metals. 
The pH titration curves for both the samples show 
that there is a sharper increase in pH with the addition 
of OH" ions in case of sample I I than in case of sample I 
(Figure 7). Since there is only one break in the titration 
curves the exchangers should be monofunctional acids. 
In this behaviour they are similar to stannic molybdate 
and stannic tungstate. 
The composition of titanium (iv) tungstates depends 
14 Ref. 13, p. 8S9. 
15 M. H. Campbell, Analyt. Chem., 1965, 37, 252. 
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upon the volume ratio of mixing the two components. 
This is usually the case for the synthetic inorganic ion 
exchangers.1 Chemical analysis of the four samples 
gives the T i : \Y ratios as 2:1, 1:1, 2:1, and 1 :1 for 
samples I, II, I I I , and IV respectively. High-frequency 
4 6 8 
Vol.of effluent (ml.) 
FIGURE S Separation of Sr from Ca on titanium tungstate, 
sample I 
a, O Oom-HXO, ; b, 0-5m-XH4X03 -f 0-05M-HX03 
and conductimetric titration breaks correspond to 
1 :1 T i : W ratio (Figures 1 and 2). When titanic 
chloride is taken in the cell and sodium tungstate is 
added to it no end point is observed either in high-
frequency titration or in conductimetric titration. It 
may be due to the fact that in highly acidic solution the 
conductance is very high and the addition of sodium 
tungstate does not increase the pH appreciably. On the 
basis of the above data and the possible titanium and 
tungsten species 16 the structures of the two chemically 
different compounds can be tentatively given as shown. 
-o— 
5H 2 0 
1-5H20 
condensation is not observed in the samples in K~ form 
'Figure Gb and d] owing to the absence of any replace-
able H~ ions in these cases. The difference in the total 
percentage weight loss of the ion exchangers in H + form 
and in K~ form is responsible for the total number of 
replaceable H 4 ions i.e., the ion-exchange capacity. As 
Figure 6 shows the difference between the curves a and b 
is less than the difference between the curves c and d 
thus predicting a higher ion exchange capacity of the 
sample I I than that of the sample I. It has been 
practically confirmed (Table 1). External water mole-
cules in the structures of both the samples have been 
calculated by the method of Alberti17 and they are found 
to be 6-04 for sample I and 1-54 for sample II . 
The effect of heat on the ion exchange capacity (Figure 
5) shows that the samples lose their ion exchange capacity 
slowly with temperature. On heating to 300° the 
decrease in capacity of sample I is only ca. 0-09 mequiv./g. 
and the exchanger can be used at this temperature. 
On further heating, however, the capacity decreases 
sharply and at 500° it becomes negligible. In the case 
of sample II, the ion-exchange capacity becomes very 
low at 400°. The colour of the beads becomes yellow 
at higher temperatures. It may be due to the formation 
of tungsten oxide.16 
The ion-exchange capacity of these exchangers is 
rather small as usual with the tungsten polymers.1,7 
- O — T i O T i— 
I I 
H\Y04H,0 O 
I 
Sample I 
-O—Ti—O— 
I 
H\YO4 
Sample I I 
Thermogravimetric studies of both the samples 
(Figure 6) suggest that the weight of the samples de-
creases with temperature. The weight loss of the 
samples in H " form up to 200° is due to the removal of 
external water molecules in the structures. Above this 
temperature the condensation occurs owing to the loss 
of structural water molecules, which is completed up to 
350". Then the weight becomes constant. Such a 
" F. A. Cotton and G. Wilkinson, ' Advanced Inorganic 
Chemistrv,' Intcrscience Publishers, N.Y., 1964, pp. 669—671, 
785—786. 
O-OO 
2 4 6 8 IO 12 
VoL of effluent ImlJ 
FIGURE 9 Separation of Mg from Ca on titanium tungstate, 
sample I 
a, 0-05M-HN03; b. 0OM-NH4NO3 + 005M-HN03 
This disadvantage is, however, partially compensated by 
their remarkably high stability in mineral acids. In this 
behaviour they resemble stannic tungstate.7 
It was observed during the preparation of the gels 
that sample I is white while sample I I is yellow. Three 
factors may be responsible for this difference in colour: 
(i) the temperature at which they are prepared, (ii) the 
effect of foreign ions, and (iii) different chemical composi-
tions. Samples were prepared at various temperatures. 
The temperature at which a sample was prepared did not 
affect the colour. The ion exchange samples prepared 
" G. Alberti, P. C. Galli, U. Costantino, and E. Torracca, /. 
Inorg. Nuclear Chem., 1967, 29, 571. 
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did not show any positive test for CI", X03 " , and S042" 
thus indicating that the foreign ions also do not have any 
effect on the colour. Therefore, the third point seemed 
to be responsible for the yellow colour. To confirm this, 
samples I I I and IV were prepared and their compositions 
determined. This study gave the idea that the samples 
having higher tungsten content were always yellow. 
Thus samples I and I I I which have T i : W ratio 2 :1 are 
white while samples I I and IV having the ratio 1 :1 are 
yellow. It may be due to the formation of white 
H\V04",H20 in the former case and yellow HW04~ in 
the latter case. This conclusion is also supported by the 
thermogravimetric studies (Figure 6) which show a 
higher percentage weight loss in sample I than in sample 
I I at 200°. 
The elution of the hydrogen ions from the exchanger 
is noticed to be a function of eluant concentration. 
J. Chem. Soc. (A), 1969 
Thus, by using sodium nitrate of different concentrations 
the elution of hydrogen ions becomes constant at 
lM-NaX03 (Figure 3). The elution curve is, therefore, 
drawn by taking 2.M-KC1. It has been compared with 
0-2.M-KC1 solution as eluant (Figure 4). The Figure 
shows that almost all hydrogen ions are eluted with the 
first 50 ml. of the eluant. 
The X-ray studies show that both the samples dried 
at 40' are amorphous. 
We thank Professor A. R. Kidwai and Dr. S. M. F. 
Rahman for facilities. Dr. Kartar Singh (Director, Defence 
Science Laboratories, New Delhi) and Dr. B. Rama Rao 
(Regional Research Laboratories, Hyderabad) are thanked 
for thermogravimetric analysis and X-rav studies respec-
tively. One of us (J. P. G.) thanks the C.S.I.R. (India) for 
financial assistance. 
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Separation of Ga3 from Fe 3 , A l 3 , and In3 wi th a New Stable Synthetic 
Titanium Tungstate. Effect of Drying on its Stability and Ion-exchange 
Properties 
By Mohsin Qureshi* and Jai Prakash Gupta , Chemical Laboratories, Aligarh Muslim University, Aligarh 
(U.P.), India 
A highly stable and bright lemon-yellow titanium tungstate has been synthesized by mixture of 0 3M-sodium 
tungstate with 0 3M-titamum chloride in the volume ratio 1 1 at pH 1 0. The effect of drying temperatures on the 
ion-exchange capacitv, the chemical stability, and the K i t values of some metal ions have also been studied The 
titanium tungsten ratio in the sample (dried at 80°) was found to be 1 1 1 . Its analytical importance has been 
shown by the quantitative separation of Ga31- from Fe3+, ln3 + , and Al1 + . A previously prepared1 t itanium tungstate 
(sample II) has been used for the quantitative separation of lead from numerous metal ions. 
A NUMBER of synthetic inorganic ion exchangers have 
been reported recently.1-4 Of the various ion exchangers 
developed here titanium tungstate was found to be 
one of the most stable. The literature shows that no 
attempt has been made to study the stability of ion 
exchangers at various drying temperatures. Ef forts 
have been made to increase the stability of the ion 
1 M. Qureshi and J P. Gupta, J. Chem Soc (A), 1969, 1755. 
2 M. Qureshi and H. S Rathorc, /. Chem Soc. {A), 1969, 2515. 
3 M. Qureshi, Rajendra Kumar, and H S. Rathorc, /. Chem. 
Soc. (A), 1970, 272. 
exchanger b y drying at dif ferent temperatures. As a 
result a highly stable titanium tungstate sample was 
obtained which showed many analytical applications. 
T h e distribution coefficients of metal ions have been 
determined earlier by other workers 5 - 6 on zirconium 
4 M. Qurc-hi and Waqif Husain, J Chem. Soc (A), 1070, 
1204. 
5 V. Vcscly and V Pckarck, J. Inorg. Nuclear Chem , 1963. 
25, 697 
6 G. Albcrti and A Conte, Atti Accad naz Lincei. Rend 
Classc Sci fis mat vat , 1959, 24, 782, J. Chumiatog , 1961, 5, 
2U 
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phosphate dried at various temperatures although the 
studies were not systematic We have therefore, 
investigated the distribution coefficients of some metal 
ions as a function of drying temperatures 
EXPERIMtNTAL 
Reagents —A l l the chemicals were used as reported 
earlier 1 
Apparatus — p H Measurements were made with Elico 
p H metei model LI-10 The equilibrium in the distribution 
coefficient determination was attained by shaking the 
fnixtures in a Sico temperature-controlled shaker at 30 ± 1° 
The Baush and Lomb spectronic-20 colorimeter was used 
for spectrophotometric woik 
Synthesis of Titamum(i\) Tungstate—0-3M-Titamum(iv) 
chloride solution was added to 0 3M-sodium tungstate 
solution m the volume ratio 1 1 wi th continuous stirring 
at p H 1 0 \fter 24 hr the supernatent liquid was de-
canted off and the gel formed was washed with acidic water 
(pH 1 0) and then with distilled water The different 
portions of the product were dried at various temperatures 
( 4 0 , 8 0 1 6 0 , 2 4 0 , and 3 2 0 ° ) The lemon-yellow product 
(intensity of colour increased with temperature), when 
immersed in water, broke down into small particles as 
usual J he ion exchangers were then conveited into the 
hydrogen form with dilute nitric acid and dried at then 
rcspectn e temperatures 
Chemical Stability Ion-exchange Capacity, and Distribu-
tion Studies—lo determine the chemical stability of the 
cxchangeis dried at different temperatures the sample 
(500 mg ) was heated with either distilled water or CN-nitnc 
acid (50 ml ) on a water bath for 6 hr with intermittent 
shaking I he supernatent liquid was filtered through a 
fine filter paper 1 he dissolved titanium and tungsten 
in the filtrate were dctcimined as usual1 (sec Figuie 1) 
I ICURE 1 V plot of drying temperature versus solubihU 
1 ungsten ( ) and titanium ( ) 
I he filtrate was also treated with a solution of ammonium 
sulphate \fter 24 hr no flocculation was observed, which 
showed an absence of peptization 
Some studies were also done on the sample originally 
dried at 80° and then heated at various temperatures 
(heating temperatures) The comparatively ion-exchange 
capacities for K T of these different materials are shown in 
Figure 2 
I08 a, 
£ 
06 
0 a. a 
<_> "(K 
c* 
0 
1 02 
O 
0 0 . , 4 
0 100 200 300 400 500 
Drying or heating Temp CC) 
F I G U R E 2 Ion exchange capacity as a function of drying 
( ) or heating ( ) temperature 
A'n values were determined by an earlier method and 
the calculations were made by use of the formula 
Amount of cation per dry g of ion exchanger 
after equilibnurn 
1 Amount of cation present per ml of liquid after 
equilibrium 
_JF - F 100 
~ X 0^5 
where F is the volume of E D T A consumed after equilibrium 
and I is the volume of E D T A consumed by the original 
solution (total volume of solution = 100 ml and the amount 
of the exchanger used = 0-5 g) The i esults are summarized 
in Table 1 I h e K t , values, Zn2+ 350-0, Cd2+ 177-5, Hg 2 + 
!)5 6, Pb2 2200 0, Bi3 + 440-0, La 3 t 180-0 and Ce3h 160 0 
w ere also determined on the ion exchanger dried at 80° 
Composition —The composition of the sample (dried at 
80°) was determined as earlier,1 the material being dissolved 
in concentrated sulphuric acid I h e titanium tungsten 
latio was found to be 1 11 
Ion-exchange Potentiometric Titrations—pH titiations 
were performed as in ref 7 Barium hydroxide was used 
as titrant and 500 mg of exchanger (dried at 80") weie 
used (Figure 3) 
Chemical Separation';—(a) The sample dried at 80° was 
used for the follow ing three binary separations of G a ^ - A l 1 
Ga^ - In 3 + , and G a ' ^ r t 1 1 
(I) Separation of gallium from aluminium The separ-
ation was achieved on an ion-exchange column (4-0 g ion 
exchanger) prepared in a glass tube (l d 0-G cm ) I t was 
washed with dilute nitric acid to ensure complete conversion 
into the H 1 form and then with deiomsed water (pH 5 i) 
to remove excess of acid V mixture of Ga1J" (174-4 jxg ) 
and Al3 t (67-6 jxg ) (pH 4—5) was applied to the column 
Mumimum was eluted with demmeralized water (pH 5 3) 
and gallium was stripped off with 1% nitric acid The 
rate of flow of the effluent was 7—8 drops per nun 
(11) Separation of gallium from indium A mixture 
(pH 4—5) of Ga1 r (174 4 |xg ) and In3 + (143 0 fig ) was 
applied to an ion-exchange column prepared as abo\e 
7 \ Clearfield R H Blessing and J \ Stynes, J Inorg 
Nuclear Chem 1968, 30 2249 
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T A B L E 1 
Distribution coefficient for some metal ions on titanium tungstate dried and heated at various temperatures in 
aqueous medium 
Distribution coefficient (ml g 
t • 
Drying temp (deg) * — 
-A.. 
Heating temp (deg) 
Metal ion 40 80 160 240 320 160 240 320 400 500 
Mg2+ 600 0 66 6 1400 0 600 0 600 0 0 0 0 0 54 0 200 0 200 0 
Ca2+ C A 133 3 1800 0 458 0 458 0 0 0 0 0 50 0 66 6 66 6 
Sr2+ C A 600 0 852 0 852 0 1400 0 66 6 28 6 54 0 200 0 200 0 
Ba2+ C A 1000 0 1000 0 1000 0 C A 40 0 0 0 200 0 100 0 100 0 
Ga3+ C A C A C A 400 0 C A 400 0 400 0 1050 0 C A C A 
AP+ 2300 0 00 66 6 200 0 200 0 200 0 66 6 116 0 0 0 600 0 
In3+ 2300 0 00 200 0 200 0 200 0 200 0 66 6 27 3 600 0 C \ 
Fea+ 200 0 00 — — — 00 0 0 115 8 40 0 20 0 
C A = complete absorption 
Water (pH 5-3) and 1% nitric acid were used as eluants 
for indium and gallium respectively with a flow rate of 
12—13 drops per mm 
( i n ) Separation of gallium from iron(u\) A c o l u m n 
(1-0 g ion exchanger), prepared and regenerated as above, 
12 0 
1-OM-ammonium mtrate-005M-mtric 
7 he results are summarized m Table 2 
acid (100 0 m l ) . 
10 0 
BO 
GO 
10 
2 0 
Q'G 
t 
00 2 0 1,0 6 0 8 0 
I f l B ' J added {mequiv 0 5g of the exchanger) 
FIGURE 3 Potentiometnc ion-exchanger titration curve Ion 
exchanger 500 mg Titrant 0 OSN-Ba(OH),,, 8H20-0 2\-
BaCls Added salt 0 2\-BaCls (100 ml ) Temp 30° ± 1° 
was loaded with a mixture (pH 4—5) of Ga3 (174-4 (xg ) 
and Fe3 + (139-5 (xg ) Iron was eluted with acidic water 
(pH 5-3) and gallium with 1% nitric acid, the flow late 
being maintained at 7—8 drops per mm 
The amount of cation concerned was \ olumetncallv 
determined by E D T A as earlier 1 Separations are shown 
in Figures 4(a), (b), and (c) respectively 
(b) Separation of lead from numerous metal tons A 
column (i d 0-6 cm ) of titanium tungstate (sample I I ) 
(2-0 g ) , the properties of which have been published 
earlier1 was piepared and treated as above A synthetic 
mixture containing Pb2"1 (5—150 (xg ), and Co2+ (222-7 jxg), 
X i 2 ' (220 6 (jig), Cu2+ (237-5 (xg ), Mg2T (86-5 (xg ), Mn ! h 
(207-5 (xg), Zn-+ (265-2 jxg ), and Al3 + (65-6 (xg ) was applied 
to the column All the interfering ions were eluted with 
0-05M-nitric acid (30-0 ml ) Lead was then removed with 
8 E B Sandell, ' Colorimetric Determination of Traces of 
Metals,' Interscience, New York 1959 p 563 
TABLT 2 
Separation of lead from numerous metal ions 
\mount of Pb2+ 
added (/xg ) 
5 0 
25 0 
50 0 
100 0 
150 0 
Amount of Pb2+ 
recovered (/xg ) 
4 75 
24 38 
51 25 
97 50 
150 00 
°0 Error 
- 5 0 
- 2 5 
L 2 5 
- 2 r> 0 0 
Average of 
% error 
- 1 5 
lo remove the acid content the collected effluent was 
evaporated to drvness Lead was then determined spcctro-
photometricallv w ith dithizone 8 
R E S I L T S AND DISCOSSIO\ 
Figure 1 shows that the drying temperature of the 
exchanger has a considerable effect on its stabiht} 
The sample dried at 80° is the most stable m water as 
well as m 6M-mtric acid This may be due to the fact 
that the yel low hydrates of tungstic acid [H\V0 4 ] 
are more stable 9 at 76—188° The studies were there-
fore, concentrated on the product dried at 80° 
Figure 2 shows that the ion-exchange capacity of the 
material falls linearly with the drying or heating tem-
peratures up to 240°, although more sharply in the lattei 
case Thus the ion exchanger can be of use even if it is 
prepared by drying the material at as high a temperatuie 
as 250°. The decrease in capacity is understandable 
because with the condensation of the molecule there is a 
loss of their functional groups containing replaceable 
hydrogen ions Since the condensation is slow, the ca-
pacity does not fall as sharply with the drying tem-
perature as when the ion exchanger is dried at 80" 
and then heated at higher temperatures 
Distribution studies on titanium tungstate at different 
drying temperatures (Table 1) seem to be of much 
interest Ka values decrease when the drying tem-
perature is raised from 40 to 80° Then the behavioui 
of calcium and magnesium is quite different from that 
of barium and strontium. The exchanger shows high 
affinity for calcium and magnesium at 160°, which is 
9 J \\ Mellor ' Mellor's Comprehensive Treatise on Inorganic 
and theoretical Chemistry,' Longmans, 1966 \ol XI p 76'! 
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Water I V . H H P , 
6 12 16 2 t 30 36 42 
Eluate volume (ml I 
Water 1V.HH0, 
0 2 
00 
1 3* - t i n 
« Ca3* 
lb) 
1 • 
Water 
20 1.0 60 
Eluate volume (ml 1 
IV.HNO3 
t 12 20 28 36 U 
Eluate volume (ml) 
F I G U R E 4 (a) Elution curve of aluminium and gallium. Column 
dimensions: i .d . , 0-6 cm.; height, 6-0 cm. Ion exchanger, 
4-0 g. Flow rate, 7—8 drops per min. (b) Elution curve of 
mdium and gallium. Column dimensions and ion exchanger 
as m (a). Flow rate, 12—13 drops per mm. (c) Elution curve 
""of~iron~ (m)~aha~gallium^ Columntlirnensions- i"d., 0-6 cnTT" 
height, 1-5 cm. Ion exchanger, 1-0 g. Flow rate, 7—8 drops 
per min. 
up to 320°, while those of calcium and magnesium 
remain constant. Since the hydrated radii of these 
four ions are in the order Mg > Ca > Sr > Ba, mag-
nesium is not held so tightly as other ions in the pores 
of the exchanger. This is illustrated by the fact that 
at 40° the value of magnesium is 600 0 while the 
other three ions are completely adsorbed. The decrease 
in Ka values at 80° may be due to a decrease in the size 
of the pores in the exchanger. The K<j values of calcium 
and magnesium however, sharply increase at 160°. 
This increase in distribution coefficients is probably 
due to the increased cross linking and thus increased 
selectivity for the cations.10 At 240° the decrease in 
K(j values suggests that in addition to the increased 
cross linkage the steric and free energy factors play an 
important and significantly affect the equilibrium 
constant.11 Above this temperature oxides of titanium 
and tungsten form which enable ion-pair formation 
with the incoming cations. These observations are 
also supported by the fact that the ion-exchange 
capacity of the exchanger (Figure 2) is negligible at this 
temperature. Trivalent cations such as Ga3+, In3+, 
and Al3 + (Table 2) behave similarly. The effect of 
heating temperatures on the distribution coefficients 
of alkaline-earth metals can be explained in that initially 
when the temperature is increased the iia values of all 
these ions decrease as the capacity is lost at higher 
temperatures. It is continued to 240° when the capacity 
is only 0-04 mequiv./g. The K ( l values however increase 
above this temperature. This may be due to the ad-
sorption of the cations involving some non-ion-exchange 
phenomenon such as ion-pair formation or adsorption 
on the oxides. 
The pH titration curves (Figure 3) reveal that the 
ion exchange is small at low pH and increases with the 
pH value. At pH 6—7 the ion-exchange capacity from 
the titration curve coincides with the practical value 
(0-80 mequiv./g.). It also explains the monofunctional 
acid behaviour of the exchanger. 
The importance of titanium (iv) tungstates in the 
separation of metals has been demonstrated. Thus lead 
traces (5—150 fig-) have been quantitatively separated, 
from numerous metal ions on a small column of ion 
exchanger (2 g.) (Table 2). Binary separations of Al3+ 
from Ga3+, In3+ from Ga3+, and Fe3+ from Ga3+ have 
also been achieved. Since aluminium, indium and 
iron have a zero K& value, their elution is effected with 
water unlike gallium which is stripped off by an increase 
in the eluant (1% HNOs ) pH since the Kd value is 
decreased. 
W e thank Professor A . R. Kidwai and Dr. S. M. F. 
Rahman, for research facilities. One of us ( J . P . G.) 
t/ianks.C.S.I. R. (India) for financial assistance.. 
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lost at 240°. The K,\ values of barium and strontium 
remain almost constant up to 240° and again increase 
10 C. B. Amphlett, ' Inorganic Ion Exchangers,' Elsevier Publ. 
Co., Amsterdam, 1964, p. 118. 
11 Ref. 10, p. 119. 
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Synthesis and Ion-exchange Characteristics of Stannic Molybdates: 
Separation of Fe3+ from Al3+, Ni2+, and Mn2+ and of Ce3+ from Pr3 and Nd3+ 
By M o h s i n Q u r e s h i , * K h a d i m H u s a i n , and J a i P r a k a s h G u p t a , The Z.H. College of Engineering and Tech-
nology and Chemical Laboratories, Aligarh Muslim University, Aligarh, (U.P ), India 
Three new samples of stannic molybdate with Sn Mo ratio of 2 1 have been synthesized by mixing 0 lM-SnCI 4 
and 0 1 M-Na a Mo0 4 solutions in the volume ratios 2 1 (sample 1), 4 3, and 1 1 a t p H 1 . They are amorphous, 
monofunctional ion exchangers with an ion exchange capacity of ca. 0 54—0 73 mequiv g -1 . The /Cd values of 25 
cations have been determined on these samples in aqueous medium. Sample 1 was found to be the most stable 
and Ka values on this sample were determined at pH 1, 2, 3, and 4. The selectivity of metal ions was also tested on 
this sample in the presence of 0 01—0 5M-ammonium chloride. The analytical importance of these samples has 
been established by some useful separations. 
SINCE Amphlet t ' s review,1 molybdates of zirconium,2"4 
titanium,5 and thorium 6 have been synthesized and used 
for important cation separations. Stannic molybdate,7 
our first inorganic ion exchanger, was found useful for 
the specific detection of Fe11,8 but its potential for the 
separation of inorganic ions was not explored. W e now 
report a study of its synthesis, ion-exchange character-
istics, and use in column chromatography. 
EXPERIMENTAL 
Reagents —Stannic chloride pentahydrate and sodium 
molybdate dihydrate (B and A and AnalaR) were used in 
the preparation of stannic molybdate. Al l other chemicals 
were of reagent grade 
Apparatus — p H Measurements, spectrophotometric 
studies, thermogravimetric analyses, .X-ray studies, and 
shaking were done with Elico p H meter model LI-10, 
Bausch and Lomb spectromc 20 colorimeter, Stanton 
thermobalance type H4 , Philips AT-ray diffractrometer, 
and Sico temperature-controlled shaker respectively 
Preparation —Concentrated (0-IM and 0-5M) as well as 
1 C B. Amphlett, ' Inorganic Ion Exchangers,' Elsevier 
Publ. Co , New York, 1964 
* K A. Kraus, H. O Phillips, T. A Carlson, and J. S Johnson, 
Proc. Second Int. Conf Peaceful uses of Atomic Energy, United 
Nations, Geneva, 1958, vol 28, p 3. 
3 J M. P. Cabral, J Chromatog , 1960, 4, 86 
4 M. H. Campbell, Analyt. Chem , 1965, 37, 252. 
B 
dilute (0-02M) aqueous solutions of stannic chloride and 
sodium molybdate were mixed in different volume ratios as 
shown in Table 1 The product was equilibrated at room 
T A B L E 1 
Effect of the conditions of preparation on the ion-exchange 
capacity and the composition of stannic molybdate 
samples 
Concen-
tration/M Ion-
of SnCl4 Mixing exchange Sn Mo 
Sample and volume capacity/ ratio in 
No. Na2Mo04 ratio PH mequiv g"1 product 
1 0-1 2 1 1 0 0-54 1-99 1 
2 0'1 4 3 l'O 0 71 1-70 1 
3 01 1 1 1-0 0 73 1-90 1 
4 01 2 3 1-2 0 91 1-20 1 
5 0-1 1 2 20 1 04 1 20 1 
6 0 02 2 1 2 0 0 58 1 99 1 
7 0-02 4 3 20 0-71 1-80 1 
8 0-02 I 1 20 0 76 — 
9 0 02 1 2 2 0 M 0 — 
10 0 5 2 1 00 0 83 — 
11 0-5 1 1 1 0 — — 
12 0-5 1 : 2 10 — — 
4 M. Qureshi and H. S. Rathore, J. Chem. Soc. (A), 1969, 
2515. 
6 M. Qureshi and Waqif Hussain, J. Chem. Soc. (A), 1970, 
1204. 
' M Qureshi and J. P. Rawat, J. Inorg. Nuclear Chem , 
1968, 30, 305 
8 M. Qureshi and J. P. Rawat, Chemist Analyst., 1967, 56(4), 
89. 
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temperature, washed with water, and filtered off I t was 
dried at 40 °C and the dried material was immersed in water 
The gel broke down to fine particles (mesh size ca 
50—100) with evolution of air bubbles The exchanger 
was then washed thoroughly with water and converted into 
the hydrogen form by immersion in 2M-HN03 for 24 h 
I t was again washed with demineralized water till free from 
acid, and finally dried at 40 °C 
T A B L E 2 
Sn and Mo of stannic molybdate samples dissolved in 
water, nitric acid, and sulphuric acid (in mg/50 ml) 
2N-H,SO. System Water 2n-HNO, 
Sample No Mo Sn Mo Sn Mo Sn 
1 0 900 0 670 3 00 2 81 3 70 3 52 
2 1 00 1 12 3 50 3 45 3 50 4 00 
3 1 04 1 00 4 00 4 21 4 10 4 20 
6 0 85 0 72 2 98 2 81 3 60 — 
7 0 97 1 08 3 40 — 3 50 — 
20 AO 60 8-0 10-0 
PH 
FIGURE 1 Ion-exchange capacity as a function of pH 
molybdenum was determined spectrophotometrically with 
phenylfluorone 9 and ammonium thiocyanate 10 respectively 
Results are in Table 2 Samples 4, 5, 8, 9, and 10 hydrolyse 
appreciably in water and hence their stability has not been 
reported 
Ion-exchange Properties —The ion-exchange capacity of 
all the samples was determined by the standard method 11 
The results are summarized in Table 1 p H Titrations of 
the first two samples were performed by the method of 
• E B Sandell, ' Colorimetnc Determinations of Traces of 
metals,' Interscience, New York, 1959, pp 886—890 
Topp and Pepper 12 The curves show the monofunctional 
behaviour of the material as reported earlier 7 
Ion-exchange capacity of sample 1 measured at different 
p H values by use of the batch process is shown in Figure 1 
Sample 1 was heated at different temperatures and the 
Properties —Chemical composition and stability The 
chemical composition of the samples was determined by 
the procedure reported earlier 7 The chemical stability of 
all the samples was studied in water, 2N-HN0 3 , and 2N-
HOSO,. as usual7 The amount of dissolved tin and 
400 
Temp / ° C 
FIGURE 2 Thermograms of sample 1 # H+ form, 
O K+ form 
ion-exchange capacity was determined by the column 
operation I t was found that the ion-exchange capacity 
falls considerably at 100 °C (0 54 mequiv g"1 at room tem-
perature and 0 10 mequiv g - 1 at 100 °C) 
T A B L E 3 
K d Values for metal ions on different samples of stannic 
molybdate in water 
Ionic 
radii/A 
K J ml g 1 
Cation Sample 1 Sample 2 Sample 3 
— \ 
Sample 6 
M g " 0 65 4900 600 200 333 
Ca11 0 94 >4650 1400 1400 333 
Sr i " 1 10 1980 4668 4668 867 
B a " 1 29 >4650 >4650 >4650 600 
Cu" 0 92 1290 — — — 
Mn" 0 80 1988 867 600 309 
Co" 0 70 >5670 >5670 2600 360 
N i " 0 68 222 3016 >5750 156 
Fe 1 " 0 53 >1650 280 280 133 
Zn " 0 69 >5690 867 1400 1000 
Cd" 0 92 579 1400 867 820 
H g " 0 93 2060 200 200 100 
A l " 1 0 45 110 29 >3670 3800 
Ga1" .— 414 1080 >1770 600 
In " 1 0 81 479 200 333 333 
Zr™ 0 77 2220 >2750 >2750 >2750 
Th l v — >2490 >2490 >2490 >2490 
ym 0 90 >6190 5 5 >6190 >6190 
La" 1 1 04 >2790 >2790 >2790 >2790 
Ce"1 — >2290 1800 >2290 >2290 
Pr 1 " — >7630 52 >7630 >7630 
Nd 1 " — >7250 52 >7250 >7250 
Sm"1 — >2090 5400 >2090 >2090 
%-Ray Analysis — X - R a y studies were performed using 
nickel filtered Cu-K^ radiation A t room temperature all 
the samples were amorphous Sample 1 was heated at 
different temperatures (100—800 °C) and its diffraction 
patterns were taken I t was amorphous below 200 °C and 
began to show crystalline character above this temperature 
Thermogravimetric Analysis—The thermograms of 
sample 1 in hydrogen and potassium forms are shown in 
Figure 2 
10 Ref 9, pp 862—865 
11 O Samuelson, Dissn Hogskolan Stockholm, 1944 
12 N E Topp and K W Pepper J Chem Soc , 1949, 3299 
Inorg. Phys. Theor. 1755 
T A B L E 4 
Values in solutions of ammonium chloride on 
sample 1 
[NH4C1] 0 01M 0 05M 0 1M 0 5M 
Mg11 64 10 8 5 
CaI [ 350 84 4 0 
Sr " 700 100 54 14 
Ba " 3046 530 444 278 
Cu" 1013 271 178 12 
P b " 3527 2076 737 444 
Mn11 287 51 19 0 
Co" 536 103 59 14 
N i " 203 40 3 0 
Fe 1 " 1047 165 91 91 
Zn" 474 121 43 0 
Cd" 515 62 37 11 
H g " 1700 812 738 731 
A l " 1 111 25 16 0 
Ga"1 628 304 304 17 
In" 1 615 110 110 2 
Zr IV 2700 460 460 124 
T h i v >2490 2440 626 0 
y n i >6190 732 346 22 
La" 1 >2790 >2790 374 35 
Ce"1 >2290 >2290 2240 95 
p r i i i >7630 1081 860 40 
Nd 1 " >7250 1356 709 21 
Sm"i >2090 >2090 4180 48 
T A B L E 5 
Distribution coefficients for metal ions at different p H 
values on sample 1 
pH 
Cation 
00 1 0 2 0 
Kd/ml 
30 
g"1 
40 
M g " 100 54 456 1566 
Ca" — 10 43 1473 >4670 
Sr" — 68 96 1200 >5150 
Ba " — 149 1247 >4670 >4670 
Cu" — 0 106 1500 2124 
Bi " 1 — >2350 >2350 >2350 >2350 
P b " — 570 1260 3526 >5390 
Mn" — 10 58 1280 5120 
Co" — 0 35 1044 3713 
N i " — 0 16 1190 1189 
Fe 1 " — 182 391 >1670 >1670 
Zn11 — 25 62 1048 3727 
Cd" — 51 65 3793 5740 
H g " — 250 400 687 640 
A l " 1 — 0 52 640 957 
GaT" — 3 82 231 628 
In" 1 — 2 79 386 220 
Zr IV 30 60 250 2700 2700 
Th l v 0 27 1670 >2490 >2490 
yiu 12 125 177 >6190 >6190 
La 1 " — >2790 >2790 >2790 >2790 
Ce"1 — >2290 >2290 >2290 >2290 
P r i n 0 13 241 >7680 >7680 
Nd111 0 0 247 >7230 >7230 
Sm"1 5 60 746 >2090 >2090 
T A B L E 6 
Separation of metal ions on stannic molybdate columns 
Volume of eluting Peak-width Tailing 
Cation solution to elute at half- Break- Total 
Sample Separation Eluants eluted the peak maximum/ml height/ml through vol 
1 Fe3+-Al3+ 0 1M-NH4C1 (I) Al3+ 10 30 40 60 
1 0M-HNO3 (11) Fe3+ 10 10 20 80 
1 Mn2+-Fe3+ 0 1M-NH4C1 (1) Mn2+ 10 10 30 50 
1 OM-HNO3 (U) Fe3+ 10 10 20 80 
1 Ni2+-Fe3+ 0 1M-NH4C1 (1) Ni2+ 10 10 No tailing 
1 0M-HNO3 (U) Fe3+ 10 10 20 80 
1 Ni2+-Cu2+ 0 IM-NHjCI (1) Ni2+ 10 10 No tailing 
1 0M-HNO3 (11) Cu2+ 10 10 20 60 
1 Al3+~Cu2+ 0 1M-NH4C1 (1) Al3+ 10 20 50 70 
1 OM-HNO3 (11) Cu2+ 10 10 50 90 
1 Zn2+-Cu2+ 0 1M-HN4N03 (1) Zn2+ 10 20 40 100 
1 0M-HNO3 (11) Cu2+ 10 10 50 90 
2 Pr3+-Ce3+ 0 005M-HN03 (1) 
2% NH4C1 
Pr3+ 6 18 No tailing 
0 5% HNO, (11) Ce3+ 6 6 No tailing 
2 Nd3+-Ce3+ 0 005M-HN03 (1) 
2% NH4C1 
Nd3+ 6 6 15 24 
0 5% HNO3 (11) Ce3+ 6 9 No tailing 
3 Mg2+-Al3+ 2% NH4C1 (1) Mg2+ 6 9 No tailing 
1% HNO, (11) \13+ 25 10 No tailing 
3 Fe3+-Al3+ 2% NH4C1 (1) Fe3+ 15 10 30 50 
1% HNO, (ii) Al3+ 25 10 No tailing 
Distribution Studies —Distribution coefficients of 25 
metal ions in water on samples 1, 2, 3, and 6 were deter-
mined by taking 0 50 g of the sample with 50 ml water 
containing the cation concerned The amount of cation 
was so adjusted as not to exceed 3% of the total lon-
exchange capacity of the exchanger Af ter shaking for 
6 h to attain equilibrium, the amount of the cation in 
solution was titrated with ethylenediaminetetra-acetic 
acid,13 and the KA value was calculated by equation (1), 
I<A 50(JB - F r ) 
0-5 ( 1 ) 
where JR is the volume of edta corresponding to the amount 
of cation in solution before equilibrium P R is the volume 
of edta required after equilibrium The results thus 
obtained are shown in Table 3 K ( i values were also deter-
mined on sample 1 in aqueous ammonium chloride solution 
of different concentration (Table 4) 
In order to study ion exchange equilibrium of different 
cations, Ka values of all the cations were determined at 
different p H values (Table 5) 
Separation of Cations — T h e column was prepared in a 
glass tube (i d 0-38 cm) with 1—3 g of the exchanger in 
H + form and was washed thoroughly with demineralized 
water after very slow passage of 50 ml of 2M-HN03 , till the 
washings gave negative tests for Sn and Mo The mixture 
13 C. N. Reilley, R W Schimd, and F S Sadate, J Chem 
Educ , 1959, 36, 555 
1756 
J. Chem. Soc. (A), 1969 
containing cations to be separated was applied from the 
top of the column and the elution was made with the 
appropriate eluant. Several fractions of the effluent were 
collected in Pyrex test tubes at a flow rate of 1 ml/3 min 
and titrated with 10"3M-edta solution. The successful 
binary separations of metal ions are given in Table 6. 
RESULTS AND DISCUSSION 
Tables 1 and 2 show that two conditions are necessary 
for the preparation of a relatively stable sample of 
stannic molybdate: (i) the Sn : Mo ratio in the mixture 
should be greater than unity, (ii) the pH after the mixing 
of SnCl4 and Na2Mo04 solutions should be less than 3. 
When sodium molybdate is added in excess the samples 
are less stable and the precipitate obtained dissolves 
when kept overnight. It is possible to reprecipitate 
stannic molybdate from this solution by adding 10% 
KC1 solution. However the precipitate obtained was 
not studied further since its ion-exchange capacity was 
rather small. When concentrated (0-5M) solutions of 
stannic chloride and sodium molybdate are mixed in 
volume ratio of 2 :1, there is no instantaneous precipit-
ation and the pH of the resultant mixture is below zero. 
On keeping it for three days the pH becomes 1-0 and the 
product obtained is quite different in colour from the 
other samples. It is a white, opaque powder which 
lacks gel character. Its ion-exchange capacity is higher 
(0-83 mequiv./g) than sample 1. When 0-5M solutions 
of stannic chloride and sodium molybdate are mixed in 
volume ratios of 1 :1 and 1:2, the precipitation is 
instantaneous and the pH of the mixture is 1-0. The 
species, however, dissolves on filtration and washing with 
water. The stability of the ion exchanger also depends 
on Sn : Mo ratio in the sample. Only samples with 
Sn : Mo ratio > 1 are stable. 
The ion-exchange capacity of sample 1 increases from 
0-078 mequiv g"1 in acidic solution to 1-96 mequiv g"1 in 
alkaline solution, which resembles the behaviour of 
zirconium phosphate and other similar ion exchangers.1 
On the basis of chemical composition, pH titration 
curve, thermogravimetric analysis, X-ray analysis, and 
possible tin and molybdenum species, the structure of 
stannic.molybdate (sample 1) may be suggested to be (I). 
O Sn—O—Sn-
A j 
H—O—M'Q=0 
O 
O 
, 2wHaO 
(I) 
This is similar to the one we postulated for titanium (iv) 
" M. Qureshi and J. P. Gupta, /. Chem. Soc. (A), 1969, 1755. 
16 G. Alberti, P. C. Galli, U. Costantino, and E. Torracca, 
/. Inorg. Nuclear Chem., 1967, 29, 571. 
tungstate.14 The external water molecules were calcu-
lated by the method of Alberti et a/.15 The theoretical 
ion-exchange capacity from the above structure coincides 
with the practical value in alkaline medium. 
The distribution coefficients for alkaline earths on 
samples 2 and 3 increase with an increase in the radius 
of the metal ion (Table 3). A similar behaviour is shown 
by these ions on zirconium phosphate and zirconium 
arsenate. However in this respect samples 1 and 6 
differ from samples 2 and 3. The values indicate that 
the metals enter the matrix as hydrated ions and the 
marked differences in capacity as well as in distribution 
coefficient can be accounted for by the differences in the 
number of associated water dipoles. Sites close to the 
hydrated metal ions can thus be effectively blocked for 
the exchange reaction.18 The latter observation is also 
seen with other metal ions (Table 3). This shows that 
the selectivity of an ion exchanger can be varied by 
changing the conditions of preparations. Thus samples 
1, 2, 3, and 6 have almost the same Sn: Mo ratio but 
each sample has its own separation characteristic. 
Sample 1 is more useful for the separation of Fe3+ from 
Al, Mn, and Ni and for the separation of Cu from Al, Ni, 
and Zn. If however Ce is to be separated from Pr and 
Nd, then sample 2 is to be preferred. Magnesium and 
aluminium are most easily separated on sample 3. The 
success of these predictions (Table 6) illustrates the 
flexibility of synthetic inorganic ion exchangers. 
A plot of logi£d against pH of the equilibrating 
solution was attempted for Cu2+, Mg2+, Ca2+, Sr2+, 
Mn2+, Ni2+, Al3+, Gas+, and Zr4*. The slopes were 
always less than expected and did not correspond to the 
charge on the ions. This deviation may be due to the 
existence of some irreversible phenomena in addition to 
ion exchange. 
As expected the K& values decrease and the selectivity 
increases with a decrease in the pH of the equilibrating 
solution. 
The effect of the concentration of NH 4 + on the Kd 
values of 25 metal ions (Table 4) is very interesting. The 
K d values decrease with an increase in the foreign ion 
concentration, according to the law of mass action. 
This study also points to the possibility of some important 
separations. Thus using 0-5M-NH4C1 as an eluant Ca 
and Ba, Cu and Bi, Pb and Mn, and Zr and Th can easily 
be separated. 
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